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5 EXTERNAL MATERIAL ACCESSION SYSTEMS AND METHODS 



BACKGROUND OF THE INVENTION 

In the pharmaceutical discovery process, high-throughput screening methods 
and systems have been touted as one method among many, for at least initially identifying 

10 promising new pharmaceutical candidate compounds. These methods and systems have been 
described for use in conjunction with, or even in place of, more traditional rational drug design 
procedures and methods. 

In the past, high-throughput screening operations have simply involved the 
incorporation of very complex automation elements, e.g., robotics and multiplexed fluid 

15 handling systems, in order to carry out assay methods developed for use with conventional 
technologies, but in massively parallel experiments. Specifically, large numbers of standard 
assays are carried out in multi-well assay plates into which reagents are dispensed using the 
automated and highly parallelized fluid handling systems and robotic plate handling 
equipment. While such systems have increased the number of different materials that can be 

20 screened, these systems tend to be extremely complex, relatively unreliable, and have large 
space, reagent and cost requirements for acquiring and maintaining the overall systems. 

Microfluidic devices and systems have been described as potential avenues for 
performing these high-throughput screening operations while minimizing the space, reagent 
and cost requirements of the overall systems. However, such systems have largely failed in 

25 this respect due to an inability to conveniently introduce large numbers of different reagents 
into the microfluidic systems. Specifically, such systems have generally relied upon 
conventional, large, expensive fluid handling systems to introduce samples and reagents into 
reservoirs on microfluidic devices, effectively 'giving back' any cost or space advantages that 
would have been realized. 

30 U.S. Patent No. 5,779,868, and Published International Patent Application Nos. 

98/00705 and 98/00231, on the other hand, describe microfluidic devices and systems for use 
in performing ultra high-throughput screening assays, which devices and systems incorporate 
an integrated sampling system, or "world to chip" interface, for accessing external materials 
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and delivering them onto the device or LabChip™. These systems typically incorporate a 
sampling pipettor integrated into the microfluidic system for directly accessing samples, 
reagents and other materials from sources of such materials, e.g., compound libraries, etc. 
Integrated pipettor systems have generally proven very effective in rapidly, efficiently and 
5 accurately accessing large numbers of different reagents and transporting those reagents into 

analytical channels. 

Despite the effectiveness of these integrated pipettor systems in microfluidic 
applications, it would generally be desirable to provide such systems with improved structural, 
interfacing and flow characteristics. The present invention meets these and a variety of other 
10 needs. 

SUMMARY OF THR INVENTION 
The present invention provides new and useful improvements to external 
material sampling or accession systems for microfluidic devices and systems, which provide 
for improved structural characteristics and improved interfacing. 

15 In a f irst aspect, the invention provides methods of sampling fluids, e.g., using 

spontaneous injection. These methods comprise dipping an open end of an open ended fluid- 
filled capillary element into a source of first fluid, withdrawing the capillary element from the 
first fluid, and permitting an amount of the first fluid remaining on the open ended capillary to 
spontaneously inject into the capillary channel. The capillary element is then dipped into a 

20 second fluid after a selected time period, where the selected time period is controlled to control 
the amount of the first fluid permitted to spontaneously inject into the open ended capillary 
channel. 

Another aspect of the invention is a method of introducing a first fluid into a 
microfluidic device, comprising providing a microfluidic device having a body structure with 
25 at least first and second intersecting microscale channels disposed therein, and a capillary 

element extending from the body structure. The capillary element has first and second ends 
and a capillary channel disposed through it that is open at the first end, and in fluid 
communication with at least one of the first and second intersecting microscale channels in the 
body structure at the second end of the capillary element. The first end of the capillary channel 
30 is dipped into a source of the first fluid and then withdrawn, permitting an amount of the first 
fluid on the first end of the capillary channel to spontaneously inject into the capillary channel. 
The amount of first fluid injected into the capillary channel is transported into at least one of 
the first and second microscale channels that are disposed in the body structure. 
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Another aspect of the invention is a method of reducing or eliminating 
spontaneous injection. The method comprises dipping a capillary into a source of a first fluid 
and applying a negative pressure to draw the first fluid into the capillary. The negative 
pressure is then changed to a positive or negative pressure, thus eliminating the spontaneous 
injection of the fluid at the tip of the capillary when it is removed from the source of the first 
fluid. The capillary, which is under a positive or zero pressure, is then optionally dipped into a 
source of a second fluid. The pressure is changed back to a negative pressure, thus drawing the 
second fluid into the capillary. The pressure changes are typically made at substrate and 
enzyme wells as well. 

Another aspect of the invention is a method of screening one or more samples. 
One or more samples are introduced into a microfluidic system and one or more inactivating 
reagents are added either before a sample, after a sample, or between two samples. The 
inactivating reagent completely blocks the activity of an enzyme in an enzymatic assay and 
provides calibration of the percent inhibition level in an assay. 

Methods of spatially separating one or more samples in a microfluidic channel 
are also provided. The method comprises flowing one or more samples through a microscale 
channel. Spacers are flowed through the channel between the samples to separate one sample 
from another. The spacers typically comprise a volume of air or an immiscible fluid. The 
volume of air or immiscible fluid is typically flowed through the microscale channel after each 
sample or before each sample. 

In still another aspect, the present invention provides a microfluidic device that 
comprises a planar substrate having disposed therein an integrated channel structure that has at 
least first and second intersecting microscale channels included within. At least the first 
channel terminates in a substantially rectangular opening in the body structure. The device 
also includes a capillary element having a capillary channel running through it. At least one 
end of the capillary element is substantially rectangular. The substantially rectangular end of 
the capillary element is inserted into the substantially rectangular opening in the body structure 
and positioned such that the capillary channel in the capillary element is in fluid 
communication with the at least first microscale channel in the body structure. 

The present invention also provides a method of joining a capillary element to a 
microfluidic device having an integrated channel network. The method comprises providing a 
microfluidic device having a body structure with at least first and second intersecting 
microscale channels included within, and having a substantially rectangular opening disposed 
in the body structure, at least one of the first and second microscale channels terminating in 

3 
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and being in communication with the opening. The method provides a substantially 
rectangular capillary element having first and second ends and a capillary channel running 
through the capillary element from the first end to the second end, and wherein the second end 
has a substantially rectangular shape. The second end of a capillary element is inserted into the 
5 opening. The capillary channel in the capillary element is positioned to be in fluid 

communication with the at least one of the first and second microscale channels that is in 

communication with the opening. 

The present invention also provides a method of joining a capillary element to a 
microfluidic device incorporating an integrated channel network, which comprises providing 

10 first and second substrates, each having at least first planar surfaces. The first planar surface of 
the first substrate has at least a first microscale groove fabricated therein. Each of the first 
planar surfaces of the first and second substrates has a first notch fabricated in the first planar 
surfaces along one edge of the first and second substrates. The first planar surface of the first 
substrate is mated to the first planar surface of the second substrate whereby the notch in the 

15 first substrate corresponds with the notch in the first surface of the second substrate. A first 
end of a capillary element is inserted into an opening defined by the notch in the first and 
second substrates. The capillary element has a capillary channel running through the element 
which is placed in fluid communication with the first microscale groove when the capillary 

element is inserted into the opening. 
20 Another aspect of the present invention provides a method of introducing a fluid 

material into a microfluidic device. The microfluidic device is comprised of a body structure 
which contains an integrated channel network that includes at least first and second 
intersecting microscale channels. At least the first channel terminates in a substantially 
rectangular opening in the body structure. The device also includes a capillary element having 
25 first and second ends and a capillary channel running through from the first to the second end. 
The second end of the capillary element is substantially rectangular. The second end of the 
capillary element is inserted into the substantially rectangular opening in the body structure 
and positioned such that the capillary channel in the capillary element is in fluid 
communication with the at least first microscale channel in the body structure. The first end of 
30 the capillary element is placed into a source of the fluid material. An amount of the fluid 
material is then drawn into the capillary channel. The amount of the fluid material is 
transported through the capillary channel into the at least one of the first and second microscale 
channels. 
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A further aspect of the invention is a microfluidic device comprising a body 
structure having at least first and second channel segments included within. The first and 
second channel segments each have first and second ends, where the first end of the first 
channel is in fluid communication with the first end of the second channel at a first fluid 
5 junction. The device includes a capillary element attached to and extending from the body 
structure. The capillary element comprises a capillary channel running through it, which is in 
fluid communication at one end with the first and second channel segments at the first fluid 
junction. 

Another aspect of the invention is a method of introducing a first fluid material 
10 into a microfluidic system, comprising a microfluidic device, which includes a body structure 
having at least first and second channel segments included within. The first and second 
channel segments each have first and second ends. The first end of the first channel is in fluid 
communication with the first end of the second channel at a first fluid junction. The device 
also includes a capillary element attached to and extending from the body structure. The 
15 capillary element includes a capillary channel running through the element, which channel is in 
fluid communication at one end with the first and second channel segments at the first fluid 
junction. An amount of the first fluid material is introduced into the capillary channel. The 
amount of first fluid material is transported through the capillary channel and through the first 
fluid junction into the first channel segment. A second fluid material is flowed into the first 
20 channel segment from the second channel segment during the transporting step. 

Another aspect of the invention is a method of transporting materials from a 
first microscale channel segment to a second microscale channel segment, wherein the first and 
second channel segments are in fluid communication at a corner having a dead zone. The 
method includes transporting a discrete volume of material from the first channel segment into 
25 the second channel segment around the comer. The fluid flow is simultaneously directed 

through the dead zone into the second channel segment from a third channel segment that is in 
fluid communication and collinear with the second channel segment at the corner. 

Another aspect of the invention is a microfluidic device comprising a body 
structure having at least first, second and third channel segments included within. The first, 
30 second and third segments are in communication at a first intersection. The second and third 
channel segments are collinear. The third channel segment has a depth at the intersection that 
is less than 50% of the depth of the second channel segment. 

Another aspect of the invention is a method of transporting material in a 
microscale channel, comprising introducing a first fluid into the channel that has a first 

5 
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electroosmotic mobility and a first conductivity. A second fluid is introduced into the channel, 
having a second electroosmotic mobility and a second conductivity. A varying voltage 
gradient is applied across a length of the channel to maintain a substantially constant average 
electroosmotic flow rate, despite a change in the total electrical resistance of the channel. 

Another aspect of the invention is a microfluidic system, comprising a 
microfluidic device which includes a microscale channel disposed within it. The microscale 
channel contains varying volumes of first and second fluids, where the first and second fluids 
have first and second conductivities, respectively. An electrical controller is operably coupled 
to the microscale channel for applying a variable electric field across a length of the microscale 
channel. A computer is operably coupled to the electrical controller, and appropriately 
programmed to instruct the controller to vary the electric field to maintain a constant average 
electroosmotic flow rate within the channel, despite a change in total resistance across the 
length of the channel. 



BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 schematically illustrates a microfluidic device including an external 
sampling capillary element, from the top (panel A), side (panel B), and perspective views 
(panel C). 

0 Figure 2 schematically illustrates a microfluidic device similar to that shown in 

Figure 1, except employing a rectangular capillary element. The overall device is illustrated in 
Figure 2A, while Figure 2B illustrates an expanded view of an exemplary connection between 
the capillary element and the body structure of the device. 

Figure 3 illustrates an overall system including a microfluidic device, controller, 

15 detector and sample sources. 

Figure 4 is an exemplary graph showing expected diffusion kinetics of fluid 

material plugs in a capillary channel. 

Figure 5 A illustrates flow pattern within a junction point between an external 
sample accessing capillary element and a microfluidic channel from top and side views. 
30 Figure 5B illustrates flow patterns within the same junction but incorporating a sweeping 
channel. 
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Figure 6A illustrates sample plug distortion at a channel corner (side view). 
Figure 6B illustrates the same corner incorporating a sweeping cannel showing a reduction in 
sample plug distortion. 

Figure 7 illustrates an actual channel layout of a microfluidic device 
5 incorporating an external sample accessing capillary as well as a sweeping channel. 

Figure 8 illustrates a microfluidic device incorporating an integrated electrical 
lead for connecting an electrical controller with an electrode for use in combination with an 
external sample accessing capillary element in accordance the present invention. 

Figure 9 is a plot of fluorescent intensity of fluorescent sample material plugs 
10 that were either electrokinetically or spontaneously injected into a microfluidic device. 

Figures lOa-f show peak width data for injections made into a microfluidic 
channel both with and without sweeping flow from an integrated sweeping channel. 

Figure 1 1 illustrates a drop of fluid at the end of an open ended fluid filed 
capillary element. 

15 Figure 12 illustrates the uneven baseline produced by unwanted spontaneous 

injection. 



DETAILED DESCRIPTION OF THE INVENTION 

I. General 

20 The present invention provides methods, apparatus and systems for introducing 

large numbers of different materials into a microfluidic analytical device in a rapid, efficient 
and reproducible manner. In particular, the present invention provides improved microfluidic 
devices having integrated pipettor elements, e.g. sippers or electropipettors, which are capable 
of sampling extremely small amounts of material for which analysis is desired, transporting 

25 that material into a microfluidic analytical channel network, and performing the desired 

analysis on that material. The basic structure of such integrated pipettor elements is described 
in detail in commonly owned U.S. Patent No. 5,779,868, and published International Patent 
Application No. 98/00705, each of which is incorporated herein by reference in its entirety for 
all purposes. 

30 In general, such devices include an elongated body or capillary element 

incorporating at least one capillary channel extending the length of the capillary element. One 
end of the capillary channel is opened while the opposing end of the channel is in fluid 

7 
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communication with at least one channel that is contained within a microfluidic device. 
Sampling of materials is typically carried out by placing the open end of the capillary channel 
into contact with a source of the material to be analyzed. The material is then drawn into the - 
capillary channel and transported into the channels of the microfluidic device. Typically, the 
5 drawing of material into the capillary, as well as the transport of the material into the channels 
of the microfluidic device is carried out electrokinetically. Specifically, an electric field is 
generally established between the source of material and some point within the microfluidic 
device. The electric field then causes the electrokinetic movement of the material into the 
capillary channel and into the microfluidic device. Optionally, however, vacuum or pressure 
10 driven forces may be applied to draw materials into the channel networks of the device. 

As used herein, the term "microscale" or "microfabricated" generally refers to 
structural elements or features of a device which have at least one fabricated dimension in the 
range of from about 0.1 urn to about 500 urn. Thus, a device referred to as being 
microfabricated or microscale will include at least one structural element or feature having such 
15 a dimension. When used to describe a fluidic element, such as a passage, chamber or conduit, 
the terms "microscale," "microfabricated" or "microfluidic" generally refer to one or more fluid 
passages, chambers or conduits which have at least one internal cross-sectional dimension, e.g., 
depth, width, length, diameter, etc., that is less than 500 urn, and typically between about 0.1 urn 
and about 500 urn. In the devices of the present invention, the microscale channels or chambers 
20 preferably have at least one cross-sectional dimension between about 0. 1 urn and 200 urn, more 
preferably between about 0.1 urn and 100 urn, and often between about 0.1 urn and 20 urn. 
Accordingly, the microfluidic devices or systems prepared in accordance with the present 
invention typically include at least one microscale channel, usually at least two intersecting 
microscale channels, and often, three or more intersecting channels disposed within a single body 
25 structure. Channel intersections may exist in a number of formats, including cross intersections, 
"T" intersections, or any number of other structures whereby two channels are in fluid 
communication . 

The body structure of the microfluidic devices described herein typically 
comprises an aggregation of two or more separate layers which when appropriately mated or 
30 joined together, form the microfluidic device of the invention, e.g., containing the channels 
and/or chambers described herein. Typically, the microfluidic devices described herein will 
comprise a top portion, a bottom portion, and an interior portion, wherein the interior portion 
substantially defines the channels and chambers of the device. 



8 
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In many preferred aspects, the body structure of these microfluidic devices 
comprises at least a two-layer body structure. The bottom portion of the device typically 
comprises a solid substrate that is substantially planar in structure, and which has at least one 
substantially flat upper surface. A variety of substrate materials may be employed as the bottom 
5 portion. Typically, because the devices are microfabricated, substrate materials will be selected 
based upon their compatibility with known microfabrication techniques, e.g., photolithography, 
wet chemical etching, laser ablation, air abrasion techniques, injection molding, embossing, and 
other techniques. The substrate materials are also generally selected for their compatibility with 
the full range of conditions to which the microfluidic devices may be exposed, including 
10 extremes of pH, temperature, salt concentration, and application of electric fields. Accordingly, 
in some preferred aspects, the substrate material may include materials normally associated with 
the semiconductor industry in which such microfabrication techniques are regularly employed, 
including, e.g., silica based substrates, such as glass, quartz, silicon or polysilicon, as well as 
other substrate materials, such as gallium arsenide and the like. In the case of semiconductive 
15 materials, it will often be desirable to provide an insulating coating or layer, e.g., silicon oxide, 
over the substrate material, and particularly in those applications where electric fields are to be 
applied to the device or its contents. 

In additional preferred aspects, the substrate materials will comprise polymeric 
materials, e.g., plastics, such as polymethylmethacrylate (PMMA), polycarbonate, 
20 polytetrafluoroethylene (TEFLON™), polyvinylchloride (PVC), polydimethylsiloxane (PDMS), 
polysulfone, polystyrene, polymethylpentene, polypropylene, polyethylene, polyvinylidine 
fluoride, ABS (acrylonitrile-butadiene-styrene copolymer), and the like. Such polymeric 
substrates are readily manufactured using available microfabrication techniques, as described 
above, or from microfabricated masters, using well known molding techniques, such as injection 
25 molding, embossing or stamping, or by polymerizing the polymeric precursor material within the 
mold (See U.S. Patent No. 5,512,131). Such polymeric substrate materials are preferred for their 
ease of manufacture, low cost and disposability, as well as their general inertness to most 
extreme reaction conditions. Again, these polymeric materials may include treated surfaces, e.g., 
derivatized or coated surfaces, to enhance their utility in the microfluidic system, e.g., provide 
30 enhanced fluid direction, e.g., as described in U.S. Patent Application Serial No. 08/843,212, 

filed April 14, 1997 (Attorney Docket No. 17646-002610), and which is incorporated herein by 
reference in its entirety for all purposes. 

The channels and/or chambers of the microfluidic devices are typically fabricated 
into the upper surface of the bottom substrate or portion, as microscale grooves or indentations, 
35 using the above described microfabrication techniques. The top portion or substrate also 
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comprises a first planar surface, and a second surface opposite the first planar surface. In the 
microfluidic devices prepared in accordance with the methods described herein, the top portion 
also includes a plurality of apertures, holes or ports disposed therethrough, e.g., from the first 
planar surface to the second surface opposite the first planar surface. 
5 The first planar surface of the top substrate is then mated, e.g., placed into contact 

with, and bonded to the planar surface of the bottom substrate, covering and sealing the grooves 
and/or indentations in the surface of the bottom substrate, to form the channels and/or chambers 
(i.e., the interior portion) of the device at the interface of these two components. The holes in the 
top portion of the device are oriented such that they are in communication with at least one of the 
10 channels and/or chambers formed in the interior portion of the device from the grooves or 

indentations in the bottom substrate. In the completed device, these holes function as reservoirs 
for facilitating fluid or material introduction into the channels or chambers of the interior portion 
of the device, as well as providing ports at which electrodes may be placed into contact with 
fluids within the device, allowing application of electric fields along the channels of the device to 
15 control and direct fluid transport within the device. 

In many embodiments, the microfluidic devices will include an optical detection 
window disposed across one or more channels and/or chambers of the device. Optical detection 
windows are typically transparent such that they are capable of transmitting an optical signal 
from the channel/chamber over which they are disposed. Optical detection windows may merely 
20 be a region of a transparent cover layer, e.g., where the cover layer is glass or quartz, or a 

transparent polymer material, e.g., PMMA, polycarbonate, etc. Alternatively, where opaque 
substrates are used in manufacturing the devices, transparent detection windows fabricated from 
the above materials may be separately manufactured into the device. 

These devices may be used in a variety of applications, including, e.g., the 
25 performance of high throughput screening assays in drug discovery, immunoassays, diagnostics, 
genetic analysis, and the like. As such, the devices described herein, will often include multiple 
sample introduction ports or reservoirs, for the parallel or serial introduction and analysis of 
multiple samples. Alternatively, these devices may be coupled to a sample introduction port, 
e.g., a pipettor, which serially introduces multiple samples into the device for analysis. 
30 Examples of such sample introduction systems are described in e.g., U.S. Patent Application 
Nos. 08/761,575 and 08/760,446 (Attorney Docket Nos. 17646-000410 and 17646-000510, 
respectively) each of which was filed on December 6, 1996, and is hereby incorporated by 
reference in its entirety for all purposes. 

Figure 1 is a schematic illustration of a microfluidic device and integrated 
35 pipettor element from a top (Panel A), side (Panel B) and perspective view (Panel C). As 

10 
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shown, the device 100 includes a main body structure 102 that includes a channel network 
disposed in its interior. The channel network includes a main analysis channel 104, which 
fluidly connects a sample inlet 106 with waste reservoir 108. Two reagent reservoirs 1 10 and 
112 are provided in fluid communication with the analysis channel 104 via channels 114 and 
5 116, respectively. Reagent reservoirs 1 10 and 1 12 are paired with buffer/diluent reservoirs 1 1 8 
and 120, respectively, which are in communication with channels 1 14 and 116 via channels 
122 and 124, respectively. In order to prevent electrolytic degradation of reagent and/or buffer 
materials, each of reservoirs 108, 110, 112, 116 and 120 is provided in electrical and/or fluid 
communication with an electrical access reservoir/salt bridge channel 128a/b, 130 a/b, 132a/b, 
10 134a/b, and 136a/b, respectively. The provision of an electrical access reservoir/salt bridge 
allows the application of voltages via electrodes for long periods of time without resulting in 
substantial degradation of reagents, buffers or the like. It should be noted that as reservoir 108 
is a waste well, it typically does not require a separate electrical access reservoir/salt bridge, 
e.g., 128a/b. 

15 The device also includes a capillary element 138 which includes an internal 

capillary channel running its length, the capillary channel communicating with the analysis 
channel 104 via the sample inlet 106. Although shown as being perpendicular to the main 
body structure of the device 102, it will be appreciated that the capillary element can be 
coplanar with the body structure, e.g., extending in the same plane as the body structure and 
20 collinear with the analysis channel, e.g., as described in Published International Application 
No. WO 98/00705, which is incorporated herein by reference. 

In at least one aspect, the capillary element includes at least one end that is 
substantially rectangular, so as to easily mate with a corresponding substantially rectangular 
opening on the body structure of the microfluidic device during fabrication of the overall 
25 device. Rectangular capillaries for use as the capillary element are generally commercially 
available, e.g., from VitroCom, Inc. or Mindrum Precision Products, Inc. 

An example of a device similar to that shown in Figure 1, but including a 
collinear, substantially rectangular capillary element, is shown in Figure 2A. The same 
reference numerals are used for elements that are common between Figures 1 and 2. As 
30 shown, the overall device 100 again includes a main body structure 102 as described with 

reference to Figure 1, which includes integrated channel network disposed in its interior. The 
rectangular capillary element 238 includes a capillary channel 240 running its length. The 
capillary element is attached to the body structure via a rectangular opening 242 in the body 
structure 102. Insertion of a rectangular end of the capillary element 238 into rectangular 
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opening 242 places the capillary channel 240 into fluid communication with at least one of the 
channels in the integrated channel network within the body structure. 

Because the opening 242 in the body structure is substantially rectangular, it is 
more conveniently fabricated than circular openings. In particular, while circular openings are 
typically drilled or air abraded into a body structure, rectangular openings are more 
conveniently fabricated by fabricating rectangular notches in two substrates by, e.g., 
photolithographic methods, which are mated to define the body structure of the device. The 
two notches are positioned to provide a single rectangular opening in the body structure. 
Figure 2B illustrates an expanded view of the joining of a rectangular capillary with a two- 
layer microfluidic device. As shown, the device comprises a two-layer body structure 
including the above-described notches. As shown, the body structure 102 is made up of at 
least first and second planar substrates 202a and 202b, respectively. The upper surface of the 
lower substrate 202a includes grooves fabricated therein, which correspond to the desired 
channel structure of the finished device, e.g., groove 204. The upper substrate 202b is mated 
and bonded to the upper surface of the lower substrate 202a (as illustrated by the dashed 
arrows). Typically, bonding is carried out by thermal bonding techniques, which result in a 
single integrated unit having sealed channels or conduits running through its interior. The 
upper substrate also typically includes a number of holes disposed through it (not shown), 
which holes align with and provide access to the channels of the finished device. The lower 
20 and upper substrates also include notches 242a and 242b, respectively, which are aligned when 
the two substrates are mated, to define an opening. Although these notches could be of any 
shape, e.g., rectangular, hemispherical, trapezoidal, etc., it is generally easier to fabricate 
substantially rectangular notches, e.g., using the same fabrication techniques and steps used in 
fabricating the grooves/channels of the device 200, e.g., groove 204. Substantially rectangular 
25 notches produce a substantially rectangular opening along the edge of the body structure of the 
device. The notches generally range in depth depending upon the dimensions of the 
rectangular capillary element to be inserted therein. Typically, however, these notches will 
range in depth from about 10 pin to about 50 urn, and will be fabricated to make the transition 
from the channel in the capillary element to the channel in the device's body structure. For 
30 example, where a capillary element has a wall thickness of 1 5 u.m (e.g., minor axis or interior 
diameter of 15 urn, with wall thickness of 15 urn yielding overall cross section of 45 urn), the 
notch 242a on the lower substrate 202a will typically be approximately 30 urn deep, e.g., 
allowing for 15 urn wall thickness and a 15 urn deep channel which matches up with the minor 

axis of the capillary element, while the notch 242b on the upper substrate 202b will be 
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approximately 15 |xm deep to accommodate the upper wall of the capillary element. The 
notches typically extend into the substrate, e.g., away from the edge, up to about 2 mm, in 
order to conveniently and fixedly receive the capillary element. 

A substantially rectangular capillary element 238 is then inserted and attached 
to the body structure 202 via the opening (as shown by the dashed arrow). Typically, 
attachment of the capillary element is accomplished using an adhesive, e.g., epoxy, although 
other bonding techniques may also be used depending upon the nature of the materials used, 
e.g., thermal bonding, solvent welding, etc. 

Although the capillary element 238 is shown as being collinear with the main 
analysis channel 104 of the device 200, it will be readily apparent that the rectangular capillary 
element can be curved or bent out of the plane of the channel network to provide a more useful 
sampling capillary. Bent capillaries can be held in the bent shape, e.g., by applying a rigid bent 
sheath, i.e., plastic sheath or a coated sheath of polyimide or Teflon (polytetrafluoroethylene) 
or the like, over the capillary element to hold the capillary in the bent or curved orientation. 
Alternatively, a rectangular capillary can extend out of the plane of the channel network, e.g., 
perpendicular to the channel network plane, e.g., as shown in Figure 1. In particular; 
rectangular openings could be readily fabricated into the lower substrate 202a using well 
known fabrication techniques, e.g., etching. 

As noted above, in preferred aspects, the devices described herein are typically 
used in conjunction with electrokinetic material transport systems. As used herein, 
"electrokinetic material transport systems" include systems which transport and direct 
materials within an interconnected channel and/or chamber containing structure, through the 
application of electrical fields to the materials, thereby causing material movement through and 
among the channels and/or chambers, i.e., positively charged species will move toward the 
negative electrode, while negatively charged species will move toward the positive electrode. 

Such electrokinetic material transport and direction systems include those 
systems that rely upon the electrophoretic mobility of charged species within the electric field 
applied to the structure. Such systems are more particularly referred to as electrophoretic 
material transport systems. Other electrokinetic material direction and transport systems rely 
upon the electroosmotic flow of fluid and material within a channel or chamber structure which 
results from the application of an electric field across such structures. In brief, when a fluid is 
placed into a channel which has a surface bearing charged functional groups, e.g., hydroxyl 
groups in etched glass channels or glass microcapillaries, those groups can ionize. In the case 
of hydroxyl functional groups, this ionization, e.g., at neutral pH, results in the release of 
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protons from the surface and into the fluid, creating a concentration of protons at near the 
fluid/surface interface, or a positively charged sheath surrounding the bulk fluid in the channel. 
Application of a voltage gradient across the length of the channel, will cause the proton sheath 
to move in the direction of the voltage drop, i.e., toward the negative electrode. 
5 "Controlled electrokinetic material transport and direction/' as used herein, 

refers to electrokinetic systems as described above, which employ active control of the 
voltages applied at multiple, i.e., more than two, electrodes. Rephrased, such controlled 
electrokinetic systems concomitantly regulate voltage gradients applied across at least two 
intersecting channels. Controlled electrokinetic material transport is described in Published 

10 PCT Application No. WO 96/04547, to Ramsey, which is incorporated herein by reference in 
its entirety for all purposes. In particular, the preferred microfluidic devices and systems 
described herein, include a body structure which includes at least two intersecting channels or 
fluid conduits, e.g., interconnected, enclosed chambers, which channels include at least three 
unintersected termini. The intersection of two channels refers to a point at which two or more 

15 channels are in fluid communication with each other, and encompasses "T" intersections, cross 
intersections, "wagon wheel" intersections of multiple channels, or any other channel geometry 
where two or more channels are in such fluid communication. An unintersected terminus of a 
channel is a point at which a channel terminates not as a result of that channel's intersection 
with another channel, e.g., a "T f intersection. In preferred aspects, the devices will include at 

20 least three intersecting channels having at least four unintersected termini. In a basic cross 
channel structure, where a single horizontal channel is intersected and crossed by a single 
vertical channel, controlled electrokinetic material transport operates to controllably direct 
material flow through the intersection, by providing constraining flows from the other channels 
at the intersection. For example, assuming one was desirous of transporting a first material 

25 through the horizontal channel, e.g., from left to right, across the intersection with the vertical 
channel. Simple electrokinetic material flow of this material across the intersection could be 
accomplished by applying a voltage gradient across the length of the horizontal channel, i.e., 
applying a first voltage to the left terminus of this channel, and a second, lower voltage to the 
right terminus of this channel, or by allowing the right terminus to float (applying no voltage). 

30 However, this type of material flow through the intersection would result in a substantial 

amount of diffusion at the intersection, resulting from both the natural diffusive properties of 
the material being transported in the medium used, as well as convective effects at the 
intersection. 
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In controlled electrokinetic material transport, the material being transported - 
across the intersection is constrained by low level flow from the side channels, e.g., the top and 
bottom channels. This is accomplished by applying a slight voltage gradient along the path of 
materia] flow, e.g., from the top or bottom termini of the vertical channel, toward the right 
terminus. The result is a "pinching" of the material flow at the intersection, which prevents the 
diffusion of the material into the vertical channel. The pinched volume of material at the 
intersection may then be injected into the vertical channel by applying a voltage gradient 
across the length of the vertical channel, i.e., from the top terminus to the bottom terminus. In 
order to avoid any bleeding over of material from the horizontal channel during this injection, a 
low level of flow is directed back into the side channels, resulting in a "pull back" of the 
material from the intersection. 

In addition to pinched injection schemes, controlled electrokinetic material 
transport is readily utilized to create virtual valves which include no mechanical or moving 
parts. Specifically, with reference to the cross intersection described above, flow of material 
from one channel segment to another, e.g., the left arm to the right arm of the horizontal 
channel, can be efficiently regulated, stopped and reinitiated, by a controlled flow from the 
vertical channel, e.g., from the bottom arm to the top arm of the vertical channel. Specifically, 
in the 'off mode, the material is transported from the left arm, through the intersection and into 
the top arm by applying a voltage gradient across the left and top termini. A constraining flow 
is directed from the bottom arm to the top arm by applying a similar voltage gradient along this 
path (from the bottom terminus to the top terminus). Metered amounts of material are then 
dispensed from the left arm into the right arm of the horizontal channel by switching the 
applied voltage gradient from left to top, to left to right. The amount of time and the voltage 
gradient applied dictates the amount of material that will be dispensed in this manner. 

Although described for the purposes of illustration with respect to a four way, 
cross intersection, these controlled electrokinetic material transport systems can be readily 
adapted for more complex interconnected channel networks, e.g., arrays of interconnected 
parallel channels. 

Figure 3 is a schematic illustration of a microfluidic device incorporating an 
integrated pipettor element, as well as the overall material transport control and detection 
system, which incorporates the microfluidic device. As shown, the system 300 includes a 
microfluidic device 100, which incorporates an integrated pipettor/capillary element 138. Each 
of the electrical access reservoirs 128a-136a, has a separate electrode 328-336 disposed 
therein, e.g., contacting the fluid in the reservoirs. Each of the electrodes 328-336 is operably 
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coupled to an electrical controller 302 that is capable of delivering multiple different voltages 
and/or currents through the various electrodes. Additional electrode 338, also operably 
coupled to controller 302, is positioned so as to be placed in electrical contact with the material 
that is to be sampled, e.g., in multiwell plate 340, when the capillary element 138 is dipped into 
5 the material. For example, electrode 338 may be an electrically conductive coating applied 
over capillary 138 and connected to an electrical lead which is operably coupled to controller 
302. Alternatively, electrode 338 may simply include an electrode wire positioned adjacent the 
capillary so that it will be immersed in/contacted with the sample material along with the end 
of the capillary element 138. Alternatively, the electrode may be associated with the source of 

10 material, as a conductive coating on the material source well or as a conductive material from 
which the source well was fabricated. Establishing an electric field then simply requires 
contacting the electrical lead with the source well material or coating. 

In another. alternative aspect, the electrode element that extends into the sample 
source is coupled to an electrical lead that is fabricated into the body structure of the 

15 microfluidic device. This lead typically includes a contact point on the upper surface of the 
device that permits interfacing between the controller and the electrode in the same manner as 
the interface between the controller and the fluid filled reservoirs of the device. The lead may 
extend along a channel or conduit fabricated into the device, as with the fluid channels. In 
certain cases, the lead exits the body structure adjacent to the external capillary element and is 

20 connected to an additional contact point, where the electrode to be contacted with the sample 
material may readily contact or be attached to the electrical lead. The lead extending through 
the body structure may simply comprise a thin wire placed into the channel prior to bonding of 
the substrate layers, or alternatively, may comprise a conductive fluid, polymer or metal having 
a low melting temperature, that is flowed into the channel, and out through an exit port 

25 adjacent to the capillary element. An illustration of this electrical lead structure is illustrated in 
Figure 8 from a top (Panel A) and side (Panel B) view. In particular, a contact pad 802 is 
created within a reservoir-like structure in the body of the microfluidic device. An electrical 
conduit 804 is then provided through the body structure, e.g., within a channel-like structure 
that terminates in an exit port adjacent to the capillary element 138, where the lead is coupled 

30 to or integral with an electrode 806. 

A processor or computer 304 is also provided operably coupled to the controller 
302. The processor or computer 304 typically includes appropriate programming to instruct 
the controller in the delivery of appropriate voltages and/or currents to the various electrodes to 
carry out a given operation, e.g., moving material in accordance with a given preprogrammed 
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protocol and/or user input instructions. The computer is also typically operably linked to a 
detection system 306, which is disposed in sensory communication with the analysis channel 
104 in the microfluidic device 100. As used herein, "in sensory communication" refers to a 
detector positioned to receive a particular detectable signal from the analysis channel. For 
example, optical detectors that are in sensory communication with the analysis channel are 
typically disposed adjacent a transparent or translucent portion of the analysis channel such 
that the detector receives any optically detectable signal, i.e., fluorescent signal, 
chemiluminescent signal, chromophoric signal, or the like, from the detection window within 
the analysis channel. Electrochemical detectors that are in sensory communication with the 
analysis channel, on the other hand, typically utilize a sensor, e.g., a sensor electrode, placed 
into contact with he fluid within the channel. It will be readily apparent to one of ordinary skill 
that a variety of detection schemes may be employed within the scope of the present invention, 
including, optical, electrochemical, thermal, radioactive, etc. In operation, the detector detects 
and quantifies the signal from the analysis channel and relays the data to the 
processor/computer, which stores and analyzes the data relative to the operating protocol. 

Once the sampled material is transported into the analysis channel of the 
microfluidic device, it is then subjected to the desired analysis. For example, the material may 
be injected into a separation channel and separated into its component parts, e.g., 
electrophoretically. Alternatively, in the case of diagnostic samples, e.g., patient derived, the 
20 material may be mixed with antibodies, nucleic acids or other probes, to characterize the 

sample. In preferred aspects, the material is mixed with components of a biochemical system 
that is relevant to a particular disorder, pathology or the like, and the functioning of the system 
is then compared in the presence and absence of the sample material to determine if the 
material has any pharmacologically exploitable activity, e.g., as described in WO 98/00231, 
25 incorporated herein by reference. 

H. Spontaneous Injection 

As noted above, the present invention relates to the accession and transport of 
externally stored materials into microfluidic devices using an external sampling 
30 pipettor/interface. In at least one aspect, the methods, devices and systems of the invention 

rely upon the phenomenon known as spontaneous injection in order to reliably, repeatedly and 
controllably introduce extremely small amounts of materials into microfluidic devices from 
external sources. As used herein, the phrase "spontaneous injection" refers to the action of 
fluid or other material to move into a given passage or conduit under no externally applied 

17 



WO O021666A1 J_> 



WO 00/21666 PCT/US99/23814 
forces, e.g., applied pressure differentials, applied electric fields, etc. Typically, and as used - 
herein, spontaneous injection refers to the action of fluids at the tip of a fluid-filled capillary 
channel in moving into the channel as a result of capillary action within the channel, surface 
tension on the fluid outside the channel, or the like. Thus, a fluid or other material that is 
5 "spontaneously injected" into a channel, chamber or other conduit, moves into that channel, 
chamber or other conduit without the assistance of an externally applied motive force. 

The phenomenon of spontaneous injection is generally viewed as a problem in 
capillary electrophoresis applications as it presents a constant volume error in sampling 
(independent of sampled volume) that can vary depending upon the geometry of the capillary 

10 channel and channel tip. Methods for reducing or eliminating this effect are presented below. 

However, the present invention also exploits the characteristics of this 
phenomenon to provide improved sample accession methods and systems. In particular, 
spontaneous injection permits a number of useful advantages when sampling large numbers of 
different materials into microfluidic systems. For example, as noted, the rate at which 

15 materials are spontaneously injected into a capillary channel is largely dependent upon the 

geometry of the capillary channel and the nature of the material being sampled, e.g., the type of 
fluid. Thus, for a given system, spontaneous injection of sample materials is highly 
reproducible. Further, because spontaneous injection can be a relatively slow process, one can 
sample extremely small volumes of materials, depending upon the amount of time over which 

20 the material is allowed to inject. Typically, such sampled volumes range from fractions of 
picoliters to nanoliters. 

Additional advantages of spontaneous injection systems are apparent in 
electrokinetically controlled systems. In particular, because spontaneous injection does not 
rely upon electrokinetic introduction of materials into the capillary channel, materials typically 

25 less compatible with such electrokinetic systems can be used. For example, nonaqueous 

materials, e.g., pharmaceutical library compounds disposed in nonaqueous solvents such as 
DMSO (dimethylsulfoxide), DMF (dimethylformamide), acetone, alcohols and other water 
soluble organic solvents, nonionic fluids or other materials, can sometimes be less suitable to 
electrokinetic material transport due to their nonconductive nature or extremely low 

30 conductivity. Further, because electric fields are not employed in the initial sampling process, 
spontaneously injected samples will not have an inherent electrophoretic biasing that can be 
associated with electrokinetically sampled materials, where more highly charged components 
of sample material are enriched for or against, by virtue of the driving electric fields. 
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Spontaneous injection of sample materials is also highly predictable and 
reproducible for a given system. In particular, appropriate modeling equations can be utilized 
to determine the amount of material that will be spontaneously injected over a given amount of 
time in any given system. Specifically, the interfacial pressure difference across a 
5 hemispherical droplet that is present at the end of a capillary channel (AP S ), and which drives 
penetration or injection of the fluid into the capillary channel, is derived from the formula: 

AP S =2 Y /R (1) 

10 where y is the surface tension of the fluid or buffer in the droplet and R is the radius of the 

droplet. For purposes of the calculation it is assumed that the droplet radius is equivalent to the 

outer radius of the capillary from which the droplet is suspended. 

In order to determine the amount of penetration or injection of a fluid droplet 

into the end of the capillary channel, however, counteracting forces in the capillary channel are 
15 also considered. These include the hydrostatic pressure (AP h ) and hydrodynamic resistance of 

the capillary channel, which hinder the fluid's penetration into the capillary channel. The 

hydrostatic pressure is calculated from: 



20 



AP h = pgh (2) 

Where p is the density of the fluid, g is the gravitational constant, and h is the height of the 
fluid column. The hydrodynamic resistance of the channel is obtained from the sum of the 
capillary pressure (AP cap ) and channel resistance (AP chan ). Thus: 



25 (dV/dt)(Hydrodynamic Resistance)= AP cap +AP chan (3) 



AP cap = 8llLd dV (4) 

Ttr 4 dt 



30 AP chan =I2iiL2 dV (forW»B) (5) 

WB 3 dt 
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In these equations, Li is the length of the capillary, r is the inner radius of the capillary L 2 is the 
length of the channel, W is the width of the channel, B is the channel depth, ti is the fluid 
viscosity and dV/dt is the fluid penetration flux, or the instantaneous volumetric flow rate. 

5 Thus, the pressure balance of the system is given as follows: 

AP S = AP h + AP cap + AP chan (6) 



Solving for the penetration flux of the fluid (dV/dt) yields the following: 

10 

dy = AP<-APh (7) 
dt hydrodyn. resist. 



In which the hydrodynamic resistance is given by the equation: 
15 8r)L i + 12tiL? (8) 



7ir 4 WB 3 



Therefore, for any given amount of time, the penetration length, e.g., the amount of material 
injected can be calculated as follows: 

20 

Penetration length = (dv/dt) At (9) 

7ir 



From the above equation, it is apparent that one can vary the amount of material 

25 injected into a given capillary channel, i.e., having a set cross sectional area, simplyby varying 

the amount of time over which the droplet at the end of the channel is allowed to 

spontaneously inject into the channel. Further, by varying the cross-sectional area of the 

relevant capillary channel, i.e., at the end of the capillary element, one can alter the amount of 

time required to inject a given volume of material. 

30 HI. Elimination of Spontaneous Injection 

In some systems, spontaneous injection is used as a sampling method as 

described above. However, unwanted spontaneous injection can also be eliminated or reduced. 

In a typical pipettor device in a microfluidic high-throughput screening 

application, substrate and enzyme are brought in from side channels of a microfluidic device. 
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The substrate and enzyme react in the main channel, typically generating a fluorescent product 
that is detected. During the experiment, a microtiter plate is moved underneath the capillary 
which draws samples from the wells of the microtiter plate into the device. For example, the 
samples optionally comprise potential inhibitors or other modulators of a fluorogenic 
5 enzymatic reaction. With no inhibitor present, an ideal fluorescent signal observed in a 
screening experiment is flat due to a constant amount of product being generated in the 
enzymatic reaction. An inhibitor causes a decrease in the amount of fluorescent product 
generated and thus produces a decrease in the observed signal. Spontaneous injection also 
leads to decreases in the observed signal. 
10 Spontaneous injection, as described above, refers to the injection of a drop of 

liquid at the end of a capillary into a microfluidic system. Samples are introduced into the 
system from a microtiter plate via an open-ended capillary. The capillary is moved from well 
to well of the microtiter plate or, alternatively, the plate is lowered away from the capillary and 
moved so that a different well is under the capillary. While the plate is being moved, the 
15 capillary is in the air with a drop hanging from it as shown in Figure 11. The curvature of the 
drop results in a force which has a tendency to drive fluid into the capillary. This force injects 
the fluid into the capillary in an injection referred to as spontaneous injection. This injection is 
optionally used as described above to inject, e.g., small amounts of fluid into the capillary. 
However, unwanted spontaneous injection (as opposed to the use of 
20 spontaneous injection as described above) has an important impact, e.g., it increases dilution, 
e.g., of substrate and enzyme being introduced from the side channels of the system. The 
dilution results in a decrease in the observed product signal, which mimics a weakly inhibiting 
sample being brought onto the chip. When not used as a sampling method, spontaneous 
injection makes it more difficult to differentiate between weak inhibitors and systematic dips 
25 observed in the spectrum. Similar problems exist in other mixing experiments, such as drug 
screening, nucleic acid sequencing, western type analyses, and the like. 

Spontaneous injection is optionally reduced or eliminated by changing the 
pressure applied to the fluid in the capillary. Typically an open ended fluid filled capillary 
element is dipped into a first source of a fluid while a negative pressure is applied to the fluid 
30 in the capillary to draw the fluid from the source, e.g., a well in a microtiter plate, into the 

capillary and thus into the microfluidic device. The capillary is then typically removed from 
the first source before dipping it into a second source. The pressure is typically altered slightly 
as the capillary is lifted out of the source, e.g., a fluid filled microtiter well. For example, the 
pressure applied to the capillary in the well is changed, e.g., from a negative value to a positive 
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or zero value, while transferring the capillary from one well to another. Typically, the negative 
value ranges from about -1 to about -2 psi and the positive value ranges from about +0.1 to 
about +3 psi. In some embodiments, the positive pressure ranges from about 1 to about 3 psi. 
In preferred embodiments, the pressure ranges from about 0.1 to about 0.3 psi. The positive 
5 value is typically chosen to substantially equal the magnitude of the spontaneous injection to 
be eliminated. The slightly positive pressure or zero pressure is sufficient to counteract the 
spontaneous injection. In addition, pressure applied to the wells or reservoirs, e.g., the 
substrate and enzyme wells and the waste well is increased or a vacuum pressure is decreased 
to aid the reduction or elimination of spontaneous injection. In this manner, the pressure over 
10 the system is adjusted such that the substrate and enzyme do not flow from the wells into the 
system during spontaneous injection or during the pressure changes used to eliminate or reduce 
spontaneous injection. Alternatively, the negative pressure is maintained and timed as 
described above to allow spontaneous injection to occur, e.g., to inject small amounts of fluid 
into the capillary. 

15 The change in pressure, e.g., from a negative pressure that pulls liquid into the 

capillary to a positive pressure which forces liquid out of the capillary, prevents or reduces the 
intake of fluid when the capillary is removed from the well. When sampling a plurality of 
samples, the capillary is moved from one well to another well in the microtiter plate. The 
negative pressure used to draw fluid into the capillary is changed to a positive or zero pressure 

20 when the capillary is lifted from the well. When the capillary is removed from the well the 
positive or zero pressure is maintained. Alternatively, the microtiter plate is lowered away 
from the capillary and moved so that a different well is under the capillary. The pressure is 
returned to a negative value when the capillary is dipped into the new well. During these 
pressure changes, the pressure is also typically changed at waste wells and side wells. For 

25 example, pressure is increased on the waste well and side wells, e.g., the substrate and enzyme 
wells, in proportion to the increased pressure on the fluid in the capillary. Therefore, no liquid 
is drawn in from the side wells or waste well during the manipulations. Thus, spontaneous 
injection is reduced or eliminated during movement of the microtiter plate or capillary. 

An alternative method used to reduce spontaneous injection is to configure the 

30 wells, e.g., substrate and enzyme wells, of the device such that they are not proximal to the 
capillary used to draw samples from the microtiter plate. Typically, the wells are placed so 
that they are connected to a main channel at a point farther down the channel than the capillary 
connection point. The farther away from the capillary that the wells are placed, the less they 
are affected by spontaneous injection pressure alterations. For example, the pressure can 
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fluctuate 1/10 of a psi at a side well, e.g., a substrate or enzyme well, when the capillary is 
lifted from one microtiter well and placed in another microliter well. However, the waste well, 
which is typically further away from the capillary than the side wells are, does not experience a 
pressure fluctuation. This pressure fluctuation causes changes in the amount of substrate and 
5 enzyme drawn into the system. Therefore, moving these wells away from the capillary 

decreases the effect of the pressure changes on the side wells. Alternatively, pressure on the 
side wells is altered to substantially equal the magnitude of the pressure changes in the 
capillary, as described above. 

10 Iv - Dispersion Effects in Microscale Channels. 

In addition to calculating and providing for precise sampling of materials, one 
can also predict and control a level of dilution of a sample material, which dilution results from 
diffusion and dispersion effects within the microscale capillary channel. In particular, the 
following equation approximates the dilution of a material plug within a microscale channel at 

15 time "t" relative to the concentration at time "0." 

C, = 1 rer f(h-x) + erf (h+x)l 
Co 2 2VDt 2VDt 

Where Q is the concentration of the material at time *t\ C 0 is the concentration at time '0', 'h' 
20 is the "half width" of the initial injected sample plug length at time 0 centered at x=0, x is the 
spatial coordinate, and «D* is, in the most general case, a diffusion coefficient. When 
dispersion of the sample plug is driven by thermal diffusion, D is the molecular diffusivity (D). 
When dispersion is driven by a pressure driven flow in the Taylor dispersion regime, D is the 
Taylor diffusion coefficient (D,) of the solvent in which the material to be diluted is dissolved. 
25 Although the concentration of material in the sample plug at time V will not be constant, e.g., 
concentration will be greater at the center of the plug and lower toward the edges, for purposes 
of this calculation, the dilution of the maximum peak height at x=0 is determined. A schematic 
illustration of the dilution profile or concentration-distance curves of sample plugs are 
illustrated in Figure 4. The numbers on the curves are values of (Dt/h 2 )*. The square curve 
30 illustrates the dilution profile at time 0 (See Crank, The Mathematics of Diffusion, 2 nd Ed. 
(Oxford Univ. Press 1994)). 

Table 1 below provides the size of a sample plug and amount of time required 
to produce a 1:100 dilution of the maximum peak height of a sample material (C/C 0 =0.01) 
dissolved in DMSO, according to the above calculations. The calculations assume a Taylor 
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dispersion coefficient 'D t ' of 1X10" 4 cm 2 /s (which is generally variable as a function of time 
and velocity of the fluid flow) and a molecular diffusivity "Z7' of 3X10~ 6 cm 2 /s. 



Table 1 



Injection Plug 
wiatn vM-rn/ 


(_/Co 


Time (s) 


4 


0.01 


1.27 


8 


0.01 


5.09 


12 


0.01 


11.45 


16 


0.01 


20.37 


20 


0.01 


31.82 


24 


0.01 


45.83 


28 


0.01 


62.38 



As mentioned above, the present invention provides methods for introducing 
large numbers of different materials into a microfluidic device in a rapid, efficient, and 
reproducible manner. When multiple samples are introduced into a microfluidic channel, e.g., 
10 for a series of assays, more than one sample is optionally flowing through a channel at the 

same time, e.g., when long incubation times are desired, many different samples are parked or 
positioned within the channel during the incubation time. These samples diffuse as described 
above and potentially mix together at some time, e.g., when they are loaded one after the other 
with no time or space between the sample injections. However, if the samples are spatially 
15 separated in the channel, diffusion occurs without mixing the various samples. The 

calculations described above are optionally used to determine the extent of diffusion, from 
which an ideal spacer length is optionally determined. 

The present invention provides methods of separating samples with spacers, 
therefore providing rapid and efficient introduction of multiple samples. 
20 Spatial separation is obtained in microfluidic channels in a variety of ways, e.g., 

by separating the samples with high salt fluids and guard bands. See, e.g., U.S. Patent No. 
5,942,443, "High Throughput Screening Assay Systems in Microscale Fluidic Devices," by 
Parce et al. The patent describes the use of low ionic strength spacer fluids on either side of a 
sample plug to aid in electrokinetic pumping of samples through microfluidic channels. These 
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low ionic strength fluids are combined with guard bands or plugs on either end of the sample - 
plug to prevent migration, e.g., electrophoretic migration, of sample elements into the spacer 
fluid band. Spacers and guard bands are described in more detail, e.g., in U.S. Patent No. 
5,779,868, "Electropipettor and Compensation Means for Electrophoretic Bias," by Parce et al. 

In the present invention, the separator plug is typically an immiscible fluid such 
as an organic solvent, an air or gas bubble, or an air or gas pocket. Immiscible fluids are fluids 
that are incapable of mixing or blending, e.g., with other assay materials within the system. 
For example, an immiscible fluid in relation to an aqueous sample is typically an organic 
solvent or other non-aqueous solution, and an immiscible fluid in relation to a non-aqueous 
10 sample is typically an aqueous fluid or other fluid that does not mix with a non-aqueous 

sample. For example, polyethylene glycol (PEG) and dextran solutions are optionally used as 
immiscible fluids for sample spacers. Preferred immiscible fluids include, but are not limited 
to, chlorinated hydrocarbons, fluorocarbons and the like. Typically, the immiscible fluid is 
also compatible with the material used to fabricate the body structure of the microfluidic 
device. For example, an immiscible fluid that dissolves or etches plastic is not typically used 
in a plastic device. 

In the present invention, samples are optionally introduced into the channel by 
alternately injecting sample materials and a volume of air or immiscible fluid to serve as a 
spacer. For example, a spacer is injected after each sample or before each sample. Sample 
introduction optionally comprises flowing a first sample into a microscale channel, flowing a 
spacer into the microscale channel, and then flowing a second sample into the microscale 
channel. A spacer is flowed through the channel after each sample to separate one sample 
from the next sample. 

A volume of air or immiscible fluid of the present invention is optionally 
introduced into the channels as a spacer plug by a capillary that sips the air or immiscible fluid 
into a microfluidic device, e.g., from a microliter plate. Alternatively, air or gas bubbles are 
generated electrically by placing electrodes in the channels of a microfluidic device. For 
example, gas is injected into the channel after or before each sample introduced into the 
channel. Therefore, when diffusion occurs as described above, an air or gas pocket acts as a 
separator or spacer to insure that the samples on either side of the plug do not mix. The use of 
air or an immiscible fluid as a sample separator allows a high -throughput assay to progress 
without the timing delays that would otherwise be necessary to insure that sample diffusion 
between adjacent samples does not cause contamination or bias in the relevant assay. 
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Therefore, the present invention provides rapid methods of sample introduction for multiple 
samples. 



V. Inactivating Reagents Used to Monitor Microfluidic Assa ys 
5 As noted above, the present invention relates to the accession and transport of 

externally stored materials into microfluidic devices using an external sampling 
pipettor/interface. Typically, in a high throughput microfluidic assay, a plurality of samples is 
introduced into a microfluidic system from a microti ter plate via an open ended capillary or 
sampling pipettor. The capillary is dipped into a first well of the microtiter plate, fluid is 
10 drawn into the capillary and into the microfluidic system. The capillary is then removed from 
the first well and dipped into a second well and the process is repeated. When moving the 
capillary, or alternatively, the microtiter plate, spontaneous injection occurs as described 
above. The spontaneous injection is typically either taken advantage of as an alternative way 
to introduce compounds into the system or it is eliminated or reduced. Methods for using 
15 spontaneous injection as a way to introduce materials into a microfluidic system and for 
reducing or eliminating spontaneous injection are provided above. 

During a high throughput assay, multiple samples are introduced into a 
microfluidic device using the sampling methods described herein. These samples are typically 
separated in space and time by the use of a spacer as described above. The samples are 
20 optionally assayed, e.g., for enzyme inhibition activity, by adding each sample into the device 
where it is mixed with substrate and enzyme. An enzyme reaction is carried out in the 
presence of each sample, e.g., which includes a potential inhibitor or other modulator. The 
present invention provides a method for performing a real time analysis of the percent 
inhibition for each sample assayed, e.g., each sample in a microtiter plate. 
25 Typically, an enzyme and a substrate are mixed in the presence of a sample, 

e.g., which includes a potential inhibitor or other modulator, to form a product, which is 
typically a detectable fluorescent product. The amount of product produced is measured, e.g., 
by the magnitude of a fluorescent signal, to determine the extent to which the enzyme activity 
is inhibited or activated by a particular sample or inhibitor. When a strong inhibitor sample is 
30 added to the reaction, the detected product signal is typically reduced in comparison to a weak 
inhibitor or no inhibitor. Conversely, the amount of signal increases when an activator is 
added to the reaction. The amount of inhibition is typically referred to as the percent 
inhibition. The magnitude of the reduction in product signal due to the inhibition strength of 
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the sample is optionally converted to a percent inhibition when the signal level of a 100% 
inhibition sample is known. 

The present invention provides a method of calibrating a signal level for 100% 
inhibition of enzyme activity. The calibration provides an easy determination of the percent 
inhibition of any sample assayed. The present method of screening comprises periodically 
adding an inactivating compound to the system. The inactivating agent is optionally a single 
inactivating compound or a combination of compounds that completely inactivates or inhibits 
an enzyme's activity. The inactivating compound is also optionally used as a marker for well 
locations and for periodic monitoring of various functions in a microfluidic system. In 
addition, the inactivating compound allows real-time, quantitative determination of percent 
inhibition for a sample at each location in a microliter plate without the use of another tracer 
dye fluorescing at a different wavelength. 

Calibration of a 100% inhibition signal level is obtained by placing an 
inactivating reagent or compound into predetermined locations in a microtiter plate. The 
inactivating reagent blocks all enzymatic activity. The inactivating reagent does not have to be 
a true inhibitor. For example, the inactivating reagent is optionally a compound or group of 
compounds that denatures an enzyme, breaks it up, or binds irreversibly to the active site to 
render the enzyme completely inactive. By detecting the result of an enzymatic reaction 
carried out in the presence of an inactivating reagent, a signal level for 100% inhibition or 
complete lack of enzyme activity is provided. Other levels are compared to the 100% 
calibration level to determine a percent inhibition for each sample assayed. 

In addition, periodic placement of inactivating reagents in some wells of a 
microtiter plate and alternate sipping of the inactivating reagents with the samples contained in 
the wells simultaneously allows tracking of well locations and the well-being of the 
microfluidic devices and reagents for the assay. For example, an inactivating reagent is 
optionally introduced into the system after about every 5 samples, about every 10 samples, 
about every 25 samples, about every 50 samples, about every 100 samples, etc. Therefore a 
periodic check is made on the system and the well location after, e.g., each 5, 10, 25, 50, or 
100 samples or the like. Thus, by periodically injecting an inactivating reagent into a 
microfluidic device, high throughput assays are continuously monitored and calibrated e ° 
for 100% inhibition of an enzyme. 

Alternatively, blank samples, e.g., samples with no inhibitors or activators, are 
optionally used in place of the inactivating compounds to establish a base level for enzyme 
action and then measure the percent activation over that base level. Other modulators of 
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known effects are also used in the methods described above, e.g., to provide well markers or to 
test the function of the device. 

As alluded to above, the devices, methods and systems described herein are 
generally useful in performing a large number of different high-throughput analyses, including 
5 diagnostic assays, genomic assays, and, in particularly preferred aspects, pharmaceutical 

screening assays. The various types of assays that benefit from such systems and methods are 
generally described in Published International Patent Application Nos. 98/00231 and 98/00705, 
which is hereby incorporated herein by reference in its entirety for all purposes. 

In particularly preferred aspects, the devices, methods and systems of the 

10 invention are particularly useful in carrying out high-throughput pharmaceutical screening 
assays. Typically, in such high-throughput screening operations, libraries of pharmaceutical 
candidate compounds are maintained dissolved or suspended in nonaqueous or organic 
solvents, such as DMSO, in order to keep the compounds soluble and to prevent their 
degradation. Pharmaceutical candidate libraries are generally compiled by a number of well 

15 known methods, including the gathering of large numbers of samples of naturally occurring 

materials, as well as large libraries of synthetic chemical compounds produced by, e.g., various 
combinatorial chemistry techniques, including focused and/or random combinatorial methods. 

The various library compounds are generally transferred from the storage or 
'master' plates, into separate multiwell plates (also referred to as daughter plates), and are 

20 diluted with the same organic solvent. The daughter plates are then used as the compound 
sources for subsequent screening assays. In particular, compounds are transferred from the 
daughter plates into additional multiwell plates, in, which they are diluted in an appropriate 
assay compatible buffer, prior to subjecting them to the assay. The use of daughter plates 
serves to preserve the integrity of the master library plates, as well as provide for the initial 

25 dilution of the library compounds, while the subsequent plates allow further dilutionof the 
compounds and substitution of the organic solvent with an appropriate assay compatible 
buffer. 

As set forth above, the devices, methods and systems of the invention are 
readily able to sample materials in nonaqueous, e.g., organic, solvents, as well as perform in 
30 situ dilution of these materials. As such, these systems and methods are capable of sampling 
directly from the daughter plates, eliminating a time consuming, reagent intensive step from 
the currently used processes. Further, because one can relatively precisely determine dilution 
rates of the injected materials, one can effectively perform the dilution of the sample material 
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or test compound, in situ, thereby eliminating yet another reagent intensive, time-consuming 
step. 

Tv - Improved Flow Systems and Methods 

Additional aspects of the present invention provide microfluidic devices 
including integrated capillary/pipettor elements and methods of using the same, which have 
improved flow and/or material direction characteristics. For example, in one aspect, the 
devices of the invention are configured so as to minimize flow-altering effects at the junction 
of the external capillary element and the internal channel network, e.g., resulting from dead 
spaces and/or sharp comers at these junctions. In particular, in those devices incorporating an 
external sampling capillary that extends from the plane of the body structure, e.g., as shown in 
Figure 1, the junction of the capillary channel in the capillary element, with the interior 
channel in the body structure of the device can result in a substantial dead volume. This is 
illustrated from a top and side view in Figure 5 A, where the darkened region indicates a dead 
zone when the material is flowing in the direction of the arrows. In addition to this dead zone, 
this type of 'sharp corner' junction can also result in other undesirable flow characteristics, and 
particularly where electrokinetic transport systems are used. Specifically, as shown from a 
side view in Figure 6A, a plug of material, as illustrated by the dark region (A), is 
electrokinetically transported up the capillary element and through the corner whereupon it is 
substantially deformed upon travelling through that corner, as indicated by fluid plug B. This 
is at least partially a result of the non-homogeneity of the electric fields passing through the 
corner. In particular, the material traveling through the corner at the outer edge experiences a 
much lower electric field than the material at the inside edge of the corner. Thus, this material 
at the outer edge of the corner moves slower, resulting in a "racetrack" effect at these corners, 
which results in a deformation of the sample material plug. This deformation substantially 
smears the fluid plug, and thus any signal or effect resulting from the fluid plug. 

In accordance with the present invention, however, a 'sweeping flow' of fluid or 
other material is transported through the junction point while the fluid plugs of sample material 
are being transported therethrough. This sweeping flow passes through what would be the 
dead zone, thereby preventing collection of any materials in that area, as shown in Figure 5B. 
In devices that employ electrokinetic transport systems, the sweeping flow also functions to 
minimize the differences in the electrical fields at the inside and outside edges of a relatively 
sharp channel comer. In addition to these corrective effects, sweeping channels of the type 
described herein, also have additional advantages. This effect is shown in Figure 6B. For 
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example, where a particular reagent, e.g., enzyme, substrate or combination, is being 
introduced to the main reaction channel through the sweeping channel, its junction with the 
reaction channel in a collinear fashion, allows the reagent to be equilibrated across the entire 
width of the channel before it is mixing with a sample material, e.g., at the junction with the 
5 external capillary element. 

As shown in Figures 5B and 6B, the sweeping flow is generally provided via an 
- additional or "sweep" channel 510 which intersects and, at least at the junction point 5 12 of the 
analysis channel 104 and the capillary channel 514, is collinear with the main analysis channel 
104. In devices employing electrokinetic transport, it is generally desirable to provide the 
10 sweep channel 510 as a shallower channel than the analysis channel 104, to reduce any 

pressure effects from electroosmotically transporting plugs of fluids having different ionic 
strengths, and thus different electroosmotic flow rates through the junction 512. The use of 
shallower channels to mitigate these pressure effects is described in Published International 
Application No. WO 98/00705, which was previously incorporated herein. Briefly, pressure 
15 effects of fluids vary as a function of the cube of the channel depth, while electroosmotic flow 
effects vary linearly with the channel cross-sectional area, or with the square of the channel 
depth. Accordingly, in preferred aspects, the sweep channel is provided with a depth that is no 
more than 50% of the depth of the analysis channel, preferably, no more than 20%, more 
preferably, no more than 10%, and in some cases as little as 1% the depth of the analysis 
20 channel at or adjacent to the junction point 512. Typically, sweep channel 510 is fabricated 
during the same process used to fabricate the remainder of the channel network, e.g., in the 
same etching process. However, because these channels have a different depth, they may 
require additional fabrication steps, e.g., a second etching step or process, or the like. 

The sweep channel, in addition to mitigating dead zones and other undesired 
25 effects, can also be used to deliver materials needed for the given analytical operation. For 
example, in the case of screening assay systems, the sweep channel may be configured to 
deliver components of the biochemical system against which test compounds are to be 
screened, e.g., enzyme: substrate, ligand: receptor, cells, antibodyrantigen, etc. An example of a 
channel network/device incorporating an integrated sweep channel configuration is shown in 
30 Figure 7, where the device 700 comprises channels 702 and 704 which deliver reagents, e.g., 

from reservoirs 708a-714a, to the analysis channel 104, as well as provide a sweeping function, 
e.g., sweep material through the junction point 706. Reservoirs 708b-714b are provided as 
points of electrical access for their corresponding reagent reservoirs (708a-714a, respectively), 
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in order to provide electrical access without causing any electrical degradation of materials in " 
reservoirs 708a-714a, via salt bridges 708c-714c, respectively. 

The improved methods and systems of the present invention, in another aspect, 
provide methods of transporting materials into a microfluidic system via an integrated capillary 
element, using a constant flow material direction system. While constant flow velocities in 
pressure systems are relatively simple to accomplish, a number of complications can arise in 
electrokinetically driven systems that include different regions of varied ionic strengths. 
Specifically, when sampling materials having lower ionic strengths than other fluids in the 
system, the material is drawn into and transported through an electrokinetically driven system 
faster than for higher ionic strength solutions or the remainder of the fluids in the system. For 
example, in certain high-throughput screening applications, a particular microfluidic channel 
system, e.g., collection of one or more interconnected channels, includes high ionic strength 
regions, also termed high salt regions, interspersed with low ionic strength or low salt regions. 
These varied ionic strength regions can give rise to substantial variations in flow rate through 
the system, e.g., when materials are being introduced, due to changes in their relative 
proportions throughout the system. As used herein, the terms high salt or high ionic strength 
and low salt or low ionic strength generally refer to the comparative conductivities of two 
fluids within the system. 

The high ionic strength fluid regions typically approach physiological ionic 
strength levels, and are preferably from about 2 to about 200 times the conductivity of the low 
ionic strength buffer, in some cases, from about 2 to about 100 times the conductivity of the 
low ionic strength buffer, and more preferably, from about 2 to about 50 times the conductivity 
of the low ionic strength buffer, and in many cases from about 2 to about 20 or even 10 times 
the conductivity of the low ionic strength buffer. Typically, the high ionic strength buffer has a 
conductivity from about 2 millisiemens (mS) to about 20 mS, while the low ionic strength 
buffer has a conductivity of from about 0.1 mS to about 5 mS, provided the low ionic strength 
buffer has a lower conductivity than the higher ionic strength buffer. 

Typically, variations from these varied ionic strength regions can be overcome, 
or averaged by including enough of the various regions such that any variations in velocity are 
minimal, e.g., an additional low ionic strength plug makes up a relatively low percentage of the 
overall channel length, and thus results in a very small change in the overall resistance of the 
channel system. However, where the different fluid regions within the channel system each 
occupy larger percentages of the overall channel length across which the driving electric field 
is applied, such variations can begin to yield adverse flow effects, i.e., speeding and slowing, 
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which can affect detected signals from the system, etc. Additionally, in the case of screening 
applications, samples of material to be screened, e.g., from pharmaceutical libraries, patient 
samples, environmental samples, etc., may have unknown mobilities in the flowing system due 
to their unknown ionic strengths. Such variations again can yield variations in flow rates 
5 through such channel systems. 

Accordingly, in one aspect, the present invention provides electrokinetic control 
of material transport/introduction into a microfluidic device, which corrects for variations in 
flow velocity resulting from variations among different regions of varied ionic strengths. 
Specifically, the present invention provides methods and systejns which maintain constant 
10 velocity within a given channel by adjusting applied voltages and/or currents depending upon 
the proportion of the channel that is occupied by one buffer of a two buffer system, e.g., high 



measuring the conductivity/resistance across the channel system, such methods can be carried 
out automatically, e.g., under computer control, with extremely short response times. 
15 The overall electroosmotic flow velocity of a fluid in a two buffer channel 

system is generally given by the formula: 

v= x^iE] + (l-x)^2E 2 (A) 

20 where v is the velocity, \X\ is the electroosmotic mobility of the first fluid, |.i 2 is the 

electroosmotic mobility of the second fluid, Ei is the electric field across the first fluid region, 
E 2 is the electric field across the second fluid region, and x is the fraction of the channel that is 
occupied by the first fluid region, which leaves the channel fraction occupied by the second 
fluid region as (1-x). 

25 Using the above equation, one can derive a relationship between the velocity, 

the applied voltage and the current in the channel, which can then be employed in controlling 
the velocities within the channel. In order to do this, there must first be determined a 
relationship between x, Ei, E 2 and known or measurable quantities, i.e., fluid mobility, 
conductivity, applied voltage (V app ), and total channel resistance (R t0 t). This is started by first 

30 calculating the fill fraction of the channel as a function of R tot and the buffer conductivities, 
according to the following equation: 

R tot = (xLVAa,) + ((l-x)I7Aa 2 ) (B) 
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Where a, is the conductivity of the first fluid, o 2 is the conductivity of the second fluid, and A 
- is the channel cross-sectional area. The first operation in this equation provides the channel 
resistance from first fluid, while the second operation provides the channel resistance from 
second fluid. Solving then for x, one derives the equation: 

■ 5 

x = £AR $ ^ i /y-_g i ^a2 (C) 
1- oV 0"2 

The electric fields are then calculated in terms of V app , R, ot , the channel area and the 
10 conductivities of the buffers, as follows: 



E,= V,/(Lx) and E 2 = V 2 /(L(l-x)) 



(D) 



Where V, and V 2 are the voltage drops across the first and second fluid regions, respectively 
15 which can be calculated from the ratio of the resistance of the particular fluid region to the total 



resistance of the channel: 

V^VappCxL/AcrO/Rto! and ^ 

V 2 = V app [( 1 -x)UACT 2 ]/R tot ^ 

20 

Which then yields for E, and E 2 : 

E|= V app /(Aa,R tot ) (G) 

25 E 2 =V app /(Aa 2 R tol ) (H) 
Inserting these equations back into equation (A), above, and reducing, yields: 

v= [V api /L(a 2 -a I )][u. 1 (a 2 -L/AR tot )- J i 2 (. ,-L/R lol )] (i) 



30 



This velocity equals the initial velocity v ini , which is the velocity when the system is entirely 
filled by the first fluid, e.g., a baseline level of flow: 
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V inil != ^l(Vo^L) (J) 

where V 0 is the initial applied voltage. Accordingly, in order to keep the velocity constant, 
e.g., by keeping it equal to the initial velocity, the voltage applied to the system can be implied 
5 by: 

V app = Yo(a^,) (K) 

[( a 2 -iyAR tot )]-[(H 2 /M,,)( d- UAR^d] 

10 Of course, variations in cross-sectional area between one channel and another in a system, e.g., 
an internal channel and an external capillary element, can result in variations from this 
equation. However, such variations are minimized by selecting these channels to have similar 
cross sectional areas. Alternatively, one can factor in variations in channel cross section, 
across the system. 

15 Considering the above-described relationships, it can thus be seen that by 

monitoring variations in conductivity/resistance within a channel or channel system, knowing 
the channel dimensions, and applied voltages, one can vary the applied voltages to correct for 
variations in flow rates within a microfluidic channel system despite variations in the overall 
conductivity/resistance across the length of the channel which variations result from changes in 

20 the portion of the system that contains a higher conductivity fluid versus a lower conductivity 
fluid. In accordance with the methods and systems described herein, the 
resistance/conductivity of the channel or channel system is determined to instruct the 
appropriate variation in applied voltages, e.g., in accordance with the relationships set out 
above. Because preferred systems employ electrokinetic material transport systems, the 

25 appropriate interfaces and instrumentation are quite easily put in place for carrying out these 
flow control methods. Specifically, electrical measurements, e.g., resistance/conductivity, are 
easily made through the same system of electrodes and power supplies that are used to control 
electrokinetic transport. 

Further, these relationships are also used to program a computer or other 

30 processor to automatically vary the applied voltages depending upon the measured 

resistance/conductivity of the system, and user input values, i.e., channel dimensions, in order 
to maintain a constant flow rate within the channel system. 

The present invention is further illustrated by the following non-limiting 

examples. 
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EXAMPLES 

Example 1: Spontaneous Injection 

The efficacy of spontaneous injection was demonstrated in a microfluidic 
device having a 1 cm channel with a reservoir at one end and being coupled to a 3 cm external 
capillary element at the other end. 50 mM HEPES, P H 7.5 was the buffer used for the 
experiment. 50 uM EDANS was used as a fluorescent sample material to determine the 
efficacy of the spontaneous injection technique. 

In the experiment, the end of the capillary element was contacted with the 
buffer well of a multiwell plate, then moved into contact with a sample well (containing the 
fluorescent material), followed by contact with another buffer well. For comparison, the 
injections were run using either electrokinetic injection or spontaneous injection. For 
electrokinetic injection, during the injection process, a voltage of 2250 V was applied between 
the wells of the multiwell plate and the reservoir at the other end of the fluid channel. For 
spontaneous injection, the voltage was turned off when the capillary was placed into contact 
with the sample material well, and turned back on in the buffer wells. The amount of material 
spontaneously injected was varied by varying the amount of time the capillary was contacted to 
the sample material. The contact time was either 0.9 seconds ("no wait," as it takes 0.9 
seconds to move the capillary element), 10 seconds and 30 seconds. Figure 9 illustrates a 
comparative plot of fluorescent intensity of sample matenal plugs injected using electrokinetic 
injection ("Voltage On") and three different lengths of spontaneous injection ("Voltage Off-No 
Wait," "Voltage Off- 10s wait," and "Voltage Off-30s wait"). As can be seen from the plot, 
spontaneous injection with a 10 second contact time gave approximately the same size 
injection as the electrokineticaliy injected plugs, while the 30 second spontaneous injection 
25 gave a significantly larger injection. 

Example 2: Sweeping Flow 

Several microfluidic devices having integrated capillary elements as shown in 
Figure 7 were prepared, etched to 1.5 fim in side/sweeping channel and 15 /xm in main channel 
depths. A 20-nm inner diameter capillary was attached to each planar device (not shown in 
Figure 7). Three devices randomly selected from the same fabrication lot were tested for the 
effects of joint sweeping on the broadness of the injected peaks. In all devices tested, the use 
of joint sweeping noticeably reduced the tailing of the injected peaks. 
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For the peak injection experiments, a buffer containing 50 mM HEPES at pH 
7.5 was used as the running buffer. The dye solution contained the running buffer with 50-^M 
EDANS dye was used as an exemplary sample material in order to monitor peak width within 
the main channel. All devices tested were first treated with 1 N NaOH for 20 to 30 minutes 
then rinsed with de-ionized water thoroughly twice before all the wells and channels were 
filled with the HEPES buffer. On the multiwell plate, a series of three wells containing buffer, 
buffer, and dye solutions, respectively, were set up for the peak injection measurements. The 
dwell times were chosen to be: running buffer = 20 s, pre-guard buffer (same as running buffer, 
but from different plate well)= 0.5 s, sample (dye solution) = 0.5 s, post-guard buffer (again, 
same as running buffer but from a different plate well)= 0.5 s. 

Figures 10a and 10b illustrate one set of injection peak data with and without 
joint sweeping. Figure 10a shows the peak injection data using a sweeping current of 0.5 fiA 
each from wells 712a and 714a. The voltage at the waste well 716a and capillary electrode 
(not shown) were set at 100 V and 2500 V, respectively. The total main channel 104 current 
was 5.74 /x A. Figure 10b shows the control experiment without a sweeping current from wells 
712a and 714a. A current of 0.5 ft A each from the non-sweeping side channels from wells 
708a and 710a was used to keep the total current, thus total flow rate, in the main channel 
constant. As can be seen clearly in the data, tailing in the injection peaks in Figure 10b is 
noticeably reduced with a modest sweeping current (17% of the total flow). 

Figures 10c and lOd illustrate the effects of joint sweeping for a second device. 
In Fig. 10c, a sweeping current of 2 pi A each from wells 712a and 714a was used to achieve 
narrow injection peaks with very little tailing. Other voltage settings were similar to the 
experiments used in Figures 10a and b. The control experiment, Figures lOd, with 2 fiA each 
from wells 708a and 710a, clearly shows more tailing in the injection peak. Results of testing 
of a third device, using same experimental parameters as in Figures 10c and d, are shown in 
Figures lOe and lOf. Again, Figure lOe is the injection run using joint sweeping and Figure 
lOf with no joint sweeping. In this case, the injection peaks without sweeping show a 
secondary peak at the tail end, and joint sweep was able to remove these secondary peaks. 

As can be seen from the above experiments, the use of an integrated sweeping 
channel was able to yield a significant reduction in the dispersion due to the capillary-to- 
channel joint in the injection peaks. Typically, the higher the sweeping flow, the better the 
reduction in the dispersion. 

All publications and patent applications are herein incorporated by reference to 
the same extent as if each individual publication or patent application was specifically and 
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individually indicated to be incorporated by reference. Although the present invention has 
been described in some detail by way of illustration and example for purposes of clarity and 
understanding, it will be apparent that certain changes and modifications may be practiced 
within the scope of the appended claims. 
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1. A method of sampling a first fluid, comprising: 

(a) dipping an open end of an open ended fluid-filled capillary element into 
5 a source of the first fluid; 

(b) withdrawing the capillary element from the first fluid; 

(c) permitting an amount of the first fluid remaining on the open ended 
capillary to spontaneously inject into the capillary channel, thereby injecting the first fluid into 
the capillary channel; 

10 (d) dipping the capillary element into a second fluid after a first selected 

time period, the first selected time period being controlled to control the amount of the first 
fluid permitted to spontaneously inject into the open ended capillary channel. 

2. The method of claim 1 , further comprising: 

dipping the open end of the capillary element into a source of a third fluid after 
15 dipping the capillary into the source of second fluid; 

withdrawing the capillary from the third fluid; 

permitting an amount of the third fluid remaining on the open ended capillary to 
spontaneously inject into the capillary channel; 

dipping the capillary into the second fluid after a second selected time period, 
20 the second selected time period being controlled to control the amount of the third fluid 
permitted to spontaneously inject into the open ended capillary channel. 

3. The method of claim 1, further comprising transporting the amount of first 
fluid through the capillary for a second selected time, the second selected time being selected 
to control an amount of dilution of the amount of first fluid. 

25 4. The method of claim 3, wherein the second selected time is controlled by 

controlling a flow rate of the amount of the first fluid through the capillary. 

5. The method of claim 3, wherein the second selected time is controlled by 
selecting at least one of a length or a diameter of the capillary channel. 
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6. The method of claim 1, further comprising applying an electric field along 
a length of the capillary channel to electrokinetics] ly transport the first fluid through the 
capillary channel. 

7. The method of claim 1, further comprising applying pressure along the 
length of the capillary channel to transport the first fluid through the capillary channel. 

8. The method of claim 1, further comprising introducing an amount of a low 
salt buffer into the capillary channel before injecting the amount of first fluid into the capillary 
channel. 

9. The method of claim 1, further comprising introducing an amount of low 
salt buffer fluid into the capillary channel after injecting the amount of first fluid into the 
capillary channel. 

10. The method of claim 1, further comprising introducing an amount of a 
high salt buffer into the capillary channel before injecting the amount of first fluid into the 
capillary channel. 

11. The method of claim 1, further comprising introducing an amount of high 
salt buffer fluid into the capillary channel after injecting the amount of first fluid into the 
capillary channel. 

12. The method of claim 1, further comprising introducing an amount of air 
into the capillary channel before injecting the amount of first fluid into the capillary channel. 

13. The method of claim 1, further comprising introducing an amount of air 
into the capillary channel after injecting the amount of first fluid into the capillary channel. 

14. The method of claim 1, further comprising introducing an amount of 
immiscible fluid into the capillary channel before injecting the amount of first fluid into the 
capillary channel. 

15. The method of claim 1, further comprising introducing an amount of 
immiscible fluid into the capillary channel after injecting the amount of first fluid into the 

capillary channel. 
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16. The method of claim 1, wherein the first fluid comprises a first test 

compound. 

17. The method of claim 1, further comprising repeating steps (a)-(d) with a 
plurality of separate fluid sources, each of the separate fluid sources comprising a different test 

5 compound. 

18. The method of claim 1, wherein the plurality of different fluid sources 
comprises at least 1000 separate fluid sources, each separate fluid source comprising a 
different test compound. 

19. The method of claim 1, wherein at least one of the at least 1000 separate 
10 sources comprises an inactivating compound. 

20. The method of claim 1, wherein the first fluid comprises a nonaqueous 

fluid. 

21. The method of claim 20, wherein the nonaqueous fluid comprises DMSO, 
DMF, acetone or an alcohol. 

15 22. The method of claim 20, wherein the amount of first fluid injected into the 

capillary channel is less than 1 |xl. 

23. The method of claim 20, wherein the amount of first fluid injected into the 
capillary channel is less than 100 nl. 

24. The method of claim 20, wherein the amount of first fluid injected into the 
20 capillary channel is less than 10 nl. 

25. The method of claim 20, wherein the amount of first fluid injected into the 
capillary channel is less than 1 nl. 

26. The method of claim 20, wherein the amount of first fluid injected into the 
capillary channel is between about 0.1 pi and 100 nl. 

25 27. The method of claim 20, wherein the capillary channel has a cross 

sectional area of between about 10 |xm 2 and 1X1 0 5 jxm\ and the first selected time is less than 
30 seconds. 
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28. The method of claim 27, wherein the first selected time is less than about 

10 seconds. 

29. The method of claim 27, wherein the first selected time is less than about 5 

seconds. 

30. The method of claim 27, wherein the first selected time is less than or 
equal to about 1 second. 

31. The method of claim 1, wherein the capillary channel is in fluid 
communication with at least a first microscale channel disposed in a body structure, and the 
first fluid is transported through the capillary channel and into the first microscale channel. 

32. The method of claim 31, wherein the first microscale channel is intersected 
by and in fluid communication with at least a second microscale channel disposed in the body 
structure. 

33. The method of claim 32, further comprising: 

flowing a component of a biochemical system into the first microscale channel 
15 from the second microscale channel whereby the first fluid contacts the component of the 
biochemical system; and 

detecting an effect of the first fluid on the component of the biochemical 

system. 

34. The method of claim 1, further comprising introducing first and second 
20 high salt fluid regions into the capillary channel before and after, respectively, the amount of 

first fluid injected into the capillary channel. 

35. The method of claim 34, further comprising introducing first and second 
low salt fluid regions into the capillary channel before the first high salt fluid region and after 
the second high salt fluid region, respectively. 
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36. A method of introducing a first fluid into a microfluidic device, 

comprising: 

providing a microfluidic device having a body structure with at least first and 
second intersecting microscale channels disposed therein, and a capillary element extending 
from the body structure, the capillary element having first and second ends and a capillary " 
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channel disposed therethrough the capillary channel being open at the first end, and in fluid 
communication with at least one of the first and second intersecting microscale channels in the 
body structure at the second end of the capillary element; 

dipping the first end of the capillary channel into a source of the first fluid; 
5 withdrawing the first end of the capillary channel from the source of first fluid; 

permitting an amount of the first fluid on the first end of the capillary channel to 
spontaneously inject into the capillary channel; and 

transporting the amount of first fluid injected into the capillary channel into the 
at least one of the first and second microscale channels disposed in the body structure. 

10 37, The method of claim 36, wherein the transporting step is carried out by 

^^^^^^ 

the amount of first fluid through the capillary channel and into the at least one of the first and " 
second microscale channels. 

38. The method of claim 36, wherein the transporting step is carried out by 
15 applying pressure along a length of the capillary channel to transport amount of first fluid 

through the capillary channel and into the at least one of the first and second microscale 
channels. 

39. The method of claim 36, further comprising introducing a high salt fluid 
region into the capillary channel before or after the first fluid is injected into the capillary 

20 channel. 

40. The method of claim 36, further comprising introducing a high salt fluid 
region into the capillary channel before and after the first fluid is injected into the capillary 
channel. 

41. The method of claim 36, further comprising introducing a low salt fluid 
25 region into the capillary channel before or after the first fluid is injected into the capillary 

channel. 

42. The method of claim 36, further comprising introducing a low salt fluid 
region into the capillary channel before and after the first fluid is injected into the capillary 
channel. 
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43. The method of claim 36, further comprising introducing first and second 
- high salt fluid regions before and after respectively, the amount of first fluid injected into the 

capillary channel. 

44. The method of claim 43, further comprising introducing a first low salt 
5 fluid re gI on before the first h, g h salt fluid reg,on, and a second low salt fluid region after the 

second high salt fluid region. 

45. The method of claim 36, wherein the first fluid comprises a first test 

compound. 

46. The method of claim 36, further comprising repeating the dipping, 

10 withdrawing, permitting and transporting steps with a plurality of separate fluid sources, each 
of the separate fluid sources comprising a different test compound. 

47. A method of reducing or eliminating spontaneous injection, the method 

comprising: 

(i) dipping an open end of an open ended fluid-filled capillary element into a 
source of a first fluid and applying a negative pressure to the first fluid, thus 
injecting the first fluid into the capillary element; and, 

changing the negative pressure to a positive pressure or a zero pressure, thereby 
reducing or eliminating spontaneous injection of the first fluid. 



15 



(ii) 



20 (iii) 
(iv) 



48. The method of claim 47, the method further comprising: 

dipping the open end of the open ended fluid filled capillary element into a 

source of a second fluid; 

changing the positive pressure or zero pressure to a negative pressure, thereby 
injecting the second fluid into the capillary element. 



49. The method of claim 47, comprising applying a negative pressure of about 
25 -1 to about -2 psi. 

50. The method of claim 47, comprising changing the negative pressure to a 
positive pressure of about 1 to about 3 psi. 

51. The method of claim 50, comprising changing the negative pressure to a 
positive pressure of about 0.1 to about 0.3 psi. 
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52. The method of claim 47, comprising changing the negative pressure to a 
pressure substantially equal to the magnitude of the spontaneous injection. 

53. The method of claim 47, comprising applying a negative pressure in one or 
more wells and changing the negative pressure in the one or more wells to a positive pressure 
or a zero pressure concurrent with step (ii). 

54. The method of claim 53, wherein the wells comprise one or more of: a 
substrate well, an enzyme well, and a waste well. 

55. A method of spatially separating a plurality of samples within a 
microfluidic system, the method comprising: 

(i) flowing a first member of the plurality of samples through a microscale channel; 

(ii) flowing a spacer through the microscale channel, wherein the spacer comprises 
an immiscible fluid or a volume of air; and 

(iii) flowing a second member of the plurality of samples into the microscale 
channel, thereby spatially separating a plurality of samples into the microfluidic 
system. 

56. The method of claim 55, the method further comprising repeating steps (i) 

through (iii). 

57. The method of claim 55, wherein the immiscible fluid is an organic 

solvent. 

58. The method of claim 55, wherein the immiscible fluid is a fluorocarbon or 
chlorinated hydrocarbon. 

59. The method of claim 55, further comprising introducing the volume of air 
or the immiscible fluid into the microfluidic system through an open-ended capillary element. 

60. The method of claim 55, further comprising electrically generating air or 
gas bubbles within the microfluidic system. 

61. The method of claim 55, further comprising applying pressure along the 
length of the microscale channel to transport one or more of: the first member of the plurality 
of samples, the second member of the plurality of samples, and the spacer, through the 
microscale channel. 
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62. The method of claim 55, further comprising applying an electric field 
along the length of the microscale channel to transport one or more of: the first member of the 
plurality of samples, the second member of the plurality of samples, and the spacer, through 
the microscale channel. 

5 63 ' A method of screening one or more samples in a microfluidic enzyme 

inhibition assay, the method comprising: 

(i) introducing one or more samples into a microfluidic device; and, 

(ii) introducing at least one inactivating reagent before the one or more samples, 
after the one or more samples, or between at least two of the one or more 

^ samples. 

64. The method of claim 63, wherein the inactivating reagent inhibits 
substantially 100% of an enzyme activity. 

65. The method of claim 63, further comprising determining a percent 
inhibition for one or more samples by comparing a level of inhibition for the one or more 
samples to a 100% inhibition level of the inactivating reagent. 

66. The method of claim 63, further comprising introducing the inactivatino 
reagent after about every 10, about every 25, about every 50, or about every 100, samples. " 

67. The method of claim 63, further comprising applying an electric field 
through the microfluidic device to transport the one or more samples and the inactivating 
reagent through the device. 

68. The method of claim 63, further comprising applying pressure through the 
microfluidic device to transport the one or more samples and the inactivating reagent through 
the device. 

69. A microfluidic device, comprising: 

a body structure having disposed therein an integrated channel structure that 
includes at least first and second intersecting microscale channels, at least the first channel 
terminating in a substantially rectangular opening in the body structure; 

a capillary element having a capillary channel disposed therethrough, and at 
least one end of the capillary element that is substantially rectangular, the substantially 
rectangular end of the capillary element being inserted mto the substantially rectangular 
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opening in the body structure and positioned such that the capillary channel in the capillary 
element is in fluid communication with at least first microscale channel in the body structure. 

70. The microfluidic device of claim 69, wherein the body structure 

comprises: 

5 a first planar substrate having a first surface having a plurality of intersecting 

grooves fabricated thereon, and at least a first substantially rectangular notch fabricated into 
the surface along one edge of the substrate, at least one of the plurality of grooves terminating 

in the first notch; 

a second planar substrate comprising a first surface having a second 
10 substantially rectangular notch fabricated in the first surface of the second substrate along an 
edge of the second substrate, the first surface of the second planar substrate overlaying the first 
surface of the first planar substrate whereby the second notch and the first notch form the 
substantially rectangular opening in the body structure. 

71. The method of claim 70, wherein the capillary element is substantially 
15 coplanar with the first and second planar substrates. 

72. The microfluidic device of claim 70, wherein the capillary channel in the 
capillary element comprises a cross-sectional area that is approximately equal to a cross 
sectional area of the at least first microscale channel in the body structure. 

73. The microfluidic device of claim 70, wherein the capillary element 
20 comprises a curved portion that is not coplanar with the first and second planar substrates. 

74. The microfluidic device of claim 70, wherein the capillary element 
comprises a sheath disposed over an outer surface of the capillary element. 

75. The microfluidic device of claim 70, wherein the sheath is selected from 
plastic, polyimide and polytetrafluoroethylene. 

25 76. The microfluidic device of claim 70, wherein the capillary element is 

fixedly inserted into the opening. 

77. The microfluidic device of claim 70, wherein at least one of the capillary 
element, and the body structure comprises a solid substrate material selected from a polymeric 
substrate, a silica based substrate and a ceramic substrate. 
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78. The microfluidic device of claim 77, wherein each of the capillary element' 
and the body structure comprise a polymeric solid substrate material. 

79. The microfluidic device of claim 77, wherein each of the capillary element 
and the body structure comprise a silica based solid substrate material. 

80. The microfluidic device of claim 79, wherein the silica-based substrate is 
selected from glass, quartz, fused silica and silicon. 

81. A method of joining a capillary element to a microfluidic device having an 
integrated channel network disposed therein, comprising: 

providing a microfluidic device having a body structure with at least first and 
second intersecting microscale channels disposed therein. and having a substantially 
rectangular opening disposed in the body structure, at least one of the first and second 
microscale channels terminating in and being in communication with the opening; 

providing a substantially rectangular capillary element having first and second 
ends and a capillary channel disposed through the capillary element from the first end to the 
second end, and wherein the second end has a substantially rectangular shape; and 

inserting the second end of a capillary element into the opening, the capillary 
channel ,n the capillary element being positioned to be in fluid communication with the at least 
one of the first and second microscale channels that is in communication with the opening. 

82. A method of joining a capillary element to a microfluidic device 
20 incorporating an integrated channel network, comprising: 

providing first and second substrates each having at least first planar surfaces 
the first planar surface of the first substrate having at least a first microscale groove fabricated 
therein, and each of the first planar surfaces of the first and second substrates having a first 
notch fabricated in the first planar surfaces along one edge of the first and second substrates; 

mating the first planar surface of the first substrate to the first planar surface of 
the second substrate whereby the notch in the first substrate corresponds with the notch in the 
first surface of the second substrate; 

inserting a first end of a capillary element into an opening defined by the notch 
in the first and second substrates, the capillary element having a capillary channel disposed 
30 therethrough, the capillary channel being placed in fluid communication with the first 
microscale groove when the capillary element is inserted into the opening. 
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83. The method of claim 82, wherein the first microscale groove in the surface - 
of the first substrate and the notch in the surface of each of the first and second substrates are 
etched into the surface. 

84. A method of introducing a fluid material into a microfluidic device, 

5 comprising: 

providing a microfluidic device, comprising: 

a body structure having disposed therein an integrated channel network 
that includes at least first and second intersecting microscale channels, at least the first channel 
terminating in a substantially rectangular opening in the body structure; 

10 a capillary element having first and second ends and a capillary channel 

disposed therethrough from the first to the second end, the second end of the capillary element 
being substantially rectangular, the second end of the capillary element being inserted into the 
substantially rectangular opening in the body structure and positioned such that the capillary 
channel in the capillary element is in fluid communication with at least first microscale channel 

15 in the body structure; 

placing the first end of the capillary element into a source of the fluid 

material; 

drawing an amount of the fluid material into the capillary channel; 
transporting the amount of the fluid material through the capillary 
20 channel into the at least one of the first and second microscale channels. 

85. The method of claim 84, wherein the drawing and transporting steps 
comprise applying an electric field between the first end of the capillary channel and integrated 
channel network in the body structure to move the first fluid into and through the capillary 
channel electrokinetically. 

25 86. A microfluidic device comprising: 

a body structure having at least first and second channel segments disposed 
therein, the first and second channel segments each having first and second ends, the first end 
of the first channel being in fluid communication with the first end of the second channel at a 
first fluid junction; and 

30 a capillary element attached to and extending from the body structure, the 

capillary element comprising a capillary channel disposed therethrough, the capillary channel 
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being in fluid communication at one end with the first and second channel segments at the first 
fluid junction. 

87. The microfluidic device of claim 86, wherein the capillary channel meets 
and is in fluid communication with the first channel segment at an angle between 45° and 90°. 

88. The method of claim 87, wherein the body structure comprises a plurality 
of intersecting channels arranged in a first plane, and wherein the capillary element extends out 
of the first plane at an angle between about 45° and 90°. 

89. The microfluidic device of claim 86, wherein a portion of the first channel 
segment that is adjacent to and in fluid communication with the first fluid junction is collinear 
w lt h a portion of the second channel segment that is adjacent to and in fluid communication 
with the first fluid junction. 



90. The microfluidic device of claim 86, wherein the second channel segment 
composes a first cross-sectional dimension substantially equivalent to a first cross-sectional 
dimension of the first channel segment and a second cross sectional dimension less than one 

15 half of a second cross sectional dimension of the first channel segment. 

91. The microfluidic device of claim 90, wherein the second cross-sectional 
dimension of the second channel segment is no greater than one tenth the second cross 
sectional dimension of the first channel segment. 

92. The microfluidic device of claim 86, wherein the second end of the second 
20 channel segment is in fluid communication with a fluid source of at least a first component of a 

biochemical system. 

93. The microfluidic device of claim 86, wherein the second end of the first 
channel segment is in fluid communication with a waste reservoir. 

94. The microfluidic device of claim 86, wherein the second ends of the first 
25 and second channel segments are in fluid communication with first and second reservoirs, 

respectively, the first and second reservoirs being disposed in the body structure. 

95. The microfluidic device of claim 86, comprising at least first and second 
electrodes disposed in electrical contact with a fluid in the first and second reservoirs, 

respectively 
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96. The microfluidic device of claim 95, wherein the at least first component 
of the biochemical system produces a detectable signal indicative of a relative level of 
functioning of the biochemical system. 

97. The microfluidic device of claim 86, further comprising a material 

5 transport system for transporting a first material through the capillary channel into the first 
channel segment and for concomitantly directing a flow of a second material from the second 
channel segment through the first fluid junction into the first channel segment. 

98. The microfluidic device of claim 86, wherein the body structure 

comprises: 

10 a first substrate having at least a first planar surface, the first planar surface 

having first and second groove segments disposed thereon; 

a second substrate having a first planar surface, the first planar surface of the 
second substrate being mated with the first planar surface of the first substrate, the first and 
second groove segments defining the first and second channel segments; 

15 99. The microfluidic device of claim 98, wherein the capillary element is 

attached to the body structure and the capillary channel is in fluid communication with the first 
fluid junction via an opening disposed through the body structure. 

100. The microfluidic device of claim 99, wherein the opening disposed 
through the body structure comprises an opening disposed through at least one of the first and 

20 second substrates, the capillary element being fixedly inserted into the opening. 

101. The microfluidic device of claim 99, wherein the opening in the body 
structure comprises a third groove segment disposed in the first surface of the first substrate 
and having first and second ends, the first end of the third groove segment terminating at one 
end at a first edge of the first planar surface of the first substrate and defining a third channel 

25 segment having first and second ends in the body structure, the first end of the third channel 
segment defining an opening in a first edge of the body structure, and the second end of the 
third channel segment being in fluid communication with the first fluid junction. 

102. The microfluidic device of claim 101, wherein the capillary element is 
attached to the body structure at the first edge of the body structure and wherein the capillary 
30 channel is in fluid communication with the third channel segment. 
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103. A method of introducing a first fluid material into a microfluidic system, 

comprising: 

providing a microfluidic device comprising: 

a body structure having at least first and second channel segments disposed 
therem, the first and second channel segments each having first and second ends, the first end 
of the first channel being in fluid communication with the first end of the second channel at a 
first fluid junction; and 

a capillary element attached to and extending from the body structure the 
capillary element comprising a capillary channel disposed therethrough, the capillary channel 
being in fluid communication at one end with the first and second channel segments at the first 
fluid junction; 

introducing an amount of the first fluid material into the capillary channel; 
transporting the amount of first fluid material through the capillary channel and 
through the first fluid junction into the first channel segment; and 

flowing a second fluid material into the first channel segment from the second 
channel segment during the transporting step. 

104. The method of claim 103, wherein the second fluid material comprises at 
least a first component of a biochemical system. 

105. The method of claim 104, wherein the component of a biochemical system 
20 produces a detectable signal indicative of a relative functioning of the biochemical system. 

106. The method of claim 105, wherein the first fluid material comprises a test 
compound, and further comprising detecting the relative functioning of the biochemical system 
in the presence and absence of the test compound. 

107. The method of claim 104, wherein the at least first component of the 
25 biochemical system comprises a mixture of an enzyme and its substrate. 

108. The method of claim 104, wherein the at least first component of the 
biochemical system comprises two members of a specific binding pair. 

109. The method of claim 108, wherein the specific binding pair comprises a 
receptor and a ligand that specifically binds the receptor. 
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110. The method of claim 108, wherein the specific binding pair comprises an 
antibody and an antigen specifically bound by the antibody. 

111. The method of claim 103, wherein the introducing step further comprises 
introducing a region of spacer fluid into the capillary channel before and after the amount of 

5 first fluid material introduced into the capillary channel. 

112. The method of claim 111, wherein the spacer fluid region comprises a low 

salt buffer. 

113. The method of claim 111, wherein the spacer fluid region comprises a high 
salt zone and a low salt zone, the high salt zone being adjacent to the amount of first fluid 

10 material in the capillary channel. 

114. A method of transporting materials from a first microscale channel 
segment to a second microscale channel segment, wherein the first and second channel 
segments are in fluid communication at a corner having a dead zone, comprising: 

transporting a discrete volume of material from the first channel segment into 
15 the second channel segment around the corner; 

simultaneously directing a flow of fluid through the dead zone into the second 
channel segment from a third channel segment that is in fluid communication and collinear 
with the second channel segment at the corner. 

115. A microfluidic device, comprising a body structure having at least first, 
20 second and third channel segments disposed therein, the first, second and third segments in 

communication at a first intersection, the second and third channel segments being collinear, 
and the third channel segment having a depth at the intersection that is less than 50% -a depth of 
the second channel segment. 

116. The microfluidic device of claim 115, wherein the second and third 

25 channel segments are disposed within a primary plane of a planar body structure and wherein 
the first channel segment comprises a capillary element extending out of the plane of the planar 
body structure. 

117. The microfluidic device of claim 116, wherein the capillary element 
extends out of the plane of the planar body structure at an angle of between about 45° and 90°. 
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118. A method of transporting material in a microscale channel, comprising- 
■ntroducing a first fluid into the channe.. having a firs, electroosmofc mobility 

and a first conductivity; 

introducing a second fluid into the channel, having a second electroosmotic 
J mobility and a second conductivity; and 

varying a voltage gradient applied across a length of the channel 
substantially constant average electroosmotic flow rate, despite a change in a total resistance of 
the channel. 

119. The method of claim 1 18, further comprise the step of monitoring the 
total resistance of the channel, and varying the voltage gradient based upon variations in the 

total resistance. 

120. The method of claim 119, wherein the voltage gradient is varied as a 
function of the total resistance of the channel. 

121. The method of claim 118, wherein the first fluid comprises a test 

15 compound. 



buffer. 



buffer. 



122. The method of claim 118, wherein the first fluid comprises a high salt 

123. The method of claim 118, wherein the second fluid comprises a low salt 



20 



25 



124. The method of claim 118, further comprising a plurality of discrete 
volumes of the first fluid into the channel, each of the discrete vo.umes of first fluid beino 
separated by at least a separate discrete volume of the second fluid. 

125. The method of claim 124, wherein each of the plurality of discrete first 
fluid regions comprises a different test compound. 

126. The method of claim 118, wherein the microscale channel is in fluid 
communication with a capillary channe, that is disposed in a capillary element, the capiHary 
channe, having two ends, one end being in fluid communication with the microscale channel 
and the other end being open and wherein the introducing steps compose alternatively 
contacting the open end of the capillary channe. with a source of first fluid and a source of 
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second fluid, to introduce first fluid and second fluid, respectively, into the capillary channel 
and into the mi croscale channel. 

127. The method of claim 118, further comprising detecting a reaction within 
the microscale channel. 

128. A microfluidic system, comprising: 

a microfluidic device comprising a microscale channel disposed therein, the 
microscale channel containing varying volumes of first and second fluids, the first and second 
fluids having first and second conductivities, respectively; 

an electrical controller operably coupled to the microscale channel for applying 
a variable electric field across a length of the microscale channel; 

a computer operably coupled to the electrical controller, and appropriately 
programmed to instruct the controller to vary the electric field to maintain a constant average 
electroosmotic flow rate within the channel, despite a change in total resistance across the 
length of the channel. 

129. The microfluidic system of claim 128, wherein the microfluidic device 
comprises a capillary element having a capillary channel disposed therein, the capillary 
channel having a first open end and a second end in fluid communication with the microscale 
channel. 

130. The microfluidic system of claim 129, further comprising a source of first 
fluid and a source of second fluid, the first fluid having a first conductivity and the second fluid 
having a second conductivity, each of the sources of first and second fluids being positioned to 
be alternatively in fluid communication with the capillary element. 

131. The microfluidic system of claim 128, wherein the microfluidic device 
comprises at least a second microscale channel disposed therein, the second microscale 
channel intersecting the first microscale channel. 

132. The microfluidic system of claim 128, wherein the microfluidic device 
comprises a plurality of reservoirs disposed therein, each of the reservoirs being in fluid 
communication with the first microscale channel. 
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133. The microfluidic system of claim 128, wherein the controller comprises a 
plurality of electrodes, each of the plurality of electrodes operably coupled to a different 
terminus of the microscale channel. 

134. The microfluidic system of claim 128, wherein the controller measures a 
5 resistance across the length of the microscale channel. 

135. The microfluidic system of claim 128, wherein the computer comprises 
appropriate programming to vary the electric field in response to the change in total resistance 
across the length of the microscale channel. 

136. The microfluidic system of claim 128, further comprising a detector in 
10 sensory communication with the microscale channel for detecting a reaction within the 

microscale channel. 
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EXTERNAL MATERIAL ACCESSION SYSTEMS AND METHODS 



BACKGROUND OF THE INVENTION 

In the pharmaceutical discovery process, high-throughput screening methods 
and systems have been touted as one method among many, for at least initially identifying 

10 promising new pharmaceutical candidate compounds. These methods and systems have been 
described for use in conjunction with, or even in place of, more traditional rational drug desigr 
procedures and methods. 

In the past, high-throughput screening operations have simply involved the 
incoiporation of very complex automation elements, e.g., robotics and multiplexed fluid 

15 handling systems, in order to carry out assay methods developed for use with conventional 
technologies, but in massively parallel experiments. Specifically, large numbers of standard 
assays are carried out in multi-well assay plates into which reagents are dispensed using the 
automated and highly parallelized fluid handling systems and robotic plate handling 
equipment. While such systems have increased the number of different materials that can be 

20 screened, these systems tend to be extremely complex, relatively unreliable, and have large 
space, reagent and cost requirements for acquiring and maintaining the overall systems. 

Microfluidic devices and systems have been described as potential avenues for 
performing these high-throughput screening operations while minimizing the space, reagent 
and cost requirements of the overall systems. However, such systems have largely failed in 

25 this respect due to an inability to conveniently introduce large numbers of different reagents 
into the microfluidic systems. Specifically, such systems have generally relied upon 
conventional, large, expensive fluid handling systems to introduce samples and reagents into 
reservoirs on microfluidic devices, effectively 'giving back' any cost or space advantages that 
would have been realized. 

30 u s - Patent No. 5,779,868, and Published International Patent Application Nos. 

98/00705 and 98/00231, on the other hand, describe microfluidic devices and systems for use 
in performing ultra high-throughput screening assays, which devices and systems incorporate 
an integrated sampling system, or "world to chip" interface, for accessing external materials 

1 
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and delivering them onto the device or LabChip™. These systems typically incorporate a 
sampling pipettor integrated into the microfluidic system for directly accessing samples, 
reagents and other materials from sources of such materials, e.g., compound libraries, etc. 
Integrated pipettor systems have generally proven very effective in rapidly, efficiently and 
5 accurately accessing large numbers of different reagents and transporting those reagents into 
analytical channels. 

Despite the effectiveness of these integrated pipettor systems in microfluidic 
applications, it would generally be desirable to provide such systems with improved structural, 
interfacing and flow characteristics. The present invention meets these and a variety of other 
10 needs. 

SUMMARY OF THE INVENTION 

The present invention provides new and useful improvements to external 
material sampling or accession systems for microfluidic devices and systems, which provide 
for improved structural characteristics and improved interfacing. 

15 In a first aspect, the invention provides methods of sampling fluids, e.g., using 

spontaneous injection. These methods comprise dipping an open end of an open ended fluid- 
filled capillary element into a source of first fluid, withdrawing the capillary element from the 
first fluid, and permitting an amount of the first fluid remaining on the open ended capillary to 
spontaneously inject into the capillary channel. The capillary element is then dipped into a 

20 second fluid after a selected time period, where the selected time period is controlled to control 
the amount of the first fluid permitted to spontaneously inject into the open ended capillary 
channel. 

Another aspect of the invention is a method of introducing a first fluid into a 
microfluidic device, comprising providing a microfluidic device having a body structure with 

25 at least first and second intersecting microscale channels disposed therein, and a capillary 

element extending from the body structure. The capillary element has first and second ends 
and a capillary channel disposed through it that is open at the first end, and in fluid 
communication with at least one of the first and second intersecting microscale channels in the 
body structure at the second end of the capillary element. The first end of the capillary channel 

30 is dipped into a source of the first fluid and then withdrawn, permitting an amount of the first 
fluid on the first end of the capillary channel to spontaneously inject into the capillary channel. 
The amount of first fluid injected into the capillary channel is transported into at least one of 
the first and second microscale channels that are disposed in the body structure. 

2 
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Another aspect of the invention is a method of reducing or eliminating 
spontaneous injection. The method comprises dipping a capillary into a source of a first fluid 
and applying a negative pressure to draw the first fluid into the capillary. The negative 
pressure is then changed to a positive or negative pressure, thus eliminating the spontaneous 
injection of the fluid at the tip of the capillary when it is removed from the source of the first 
fluid. The capillary, which is under a positive or zero pressure, is then optionally dipped into a 
source of a second fluid. The pressure is changed back to a negative pressure, thus drawing the 
second fluid into the capillary. The pressure changes are typically made at substrate and 
enzyme wells as well. 

Another aspect of the invention is a method of screening one or more samples. 
One or more samples are introduced into a microfluidic system and one or more inactivating 
reagents are added either before a sample, after a sample, or between two samples. The 
inactivating reagent completely blocks the activity of an enzyme in an enzymatic assay and 
provides calibration of the percent inhibition level in an assay. 
15 Methods of spatially separating one or more samples in a microfluidic channel 

are also provided. The method comprises flowing one or more samples through a microscale 
channel. Spacers are flowed through the channel between the samples to separate one sample 
from another. The spacers typically comprise a volume of air or an immiscible fluid. The 
volume of air or immiscible fluid is typically flowed through the microscale channel after each 
20 sample or before each sample. 

In still another aspect, the present invention provides a microfluidic device that 
comprises a planar substrate having disposed therein an integrated channel structure that has at 
least first and second intersecting microscale channels included within. At least the first 
channel terminates in a substantially rectangular opening in the body structure. The device 
25 also includes a capillary element having a capillary channel running through it. At least one 
end of the capillary element is substantially rectangular. The substantially rectangular end of 
the capillary element is inserted into the substantially rectangular opening in the body structure 
and positioned such that the capillary channel in the capillary element is in fluid 
communication with the at least first microscale channel in the body structure. 
30 The present invention also provides a method of joining a capillary element to a 

microfluidic device having an integrated channel network. The method comprises providing a 
microfluidic device having a body structure with at least first and second intersecting 
microscale channels included within, and having a substantially rectangular opening disposed 
in the body structure, at least one of the first and second microscale channels terminating in 
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and being in communication with the opening. The method provides a substantially 
rectangular capillary element having first and second ends and a capillary channel running 
through the capillary element from the first end to the second end, and wherein the second end 
has a substantially rectangular shape. The second end of a capillary element is inserted into the 
5 opening. The capillary channel in the capillary element is positioned to be in fluid 

communication with the at least one of the first and second microscale channels that is in 
communication with the opening. 

The present invention also provides a method of joining a capillary element to a 
microfluidic device incorporating an integrated channel network, which comprises providing 

10 first and second substrates, each having at least first planar surfaces. The first planar surface of 
the first substrate has at least a first microscale groove fabricated therein. Each of the first 
planar surfaces of the first and second substrates has a first notch fabricated in the first planar 
surfaces along one edge of the first and second substrates. The first planar surface of the first 
substrate is mated to the first planar surface of the second substrate whereby the notch in the 

15 first substrate corresponds with the notch in the first surface of the second substrate, A first 
end of a capillary element is inserted into an opening defined by the notch in the first and 
second substrates. The capillary element has a capillary channel running through the element 
which is placed in fluid communication with the first microscale groove when the capillary 
element is inserted into the opening. 

20 Another aspect of the present invention provides a method of introducing a fluid 

material into a microfluidic device. The microfluidic device is comprised of a body structure 
which contains an integrated channel network that includes at least first and second 
intersecting microscale channels. At least the first channel terminates in a substantially 
rectangular opening in the body structure. The device also includes a capillary element having 

25 first and second ends and a capillary channel running through from the first to the second end. 
The second end of the capillary element is substantially rectangular. The second end of the 
capillary element is inserted into the substantially rectangular opening in the body structure 
and positioned such that the capillary channel in the capillary element is in fluid 
communication with the at least first microscale channel in the body structure. The first end of 

30 the capillary element is placed into a source of the fluid material. An amount of the fluid 
material is then drawn into the capillary channel. The amount of the fluid material is 
transported through the capillary channel into the at least one of the first and second microscale 
channels. 
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A further aspect of the invention is a microfluidic device comprising a body " 
structure having at least first and second channel segments included within. The first and 
second channel segments each have first and second ends, where the first end of the first 
channel is in fluid communication with the first end of the second channel at a first fluid 
5 junction. The device includes a capillary element attached to and extending from the body 
structure. The capillary element comprises a capillary channel running through it, which is in 
fluid communication at one end with the first and second channel segments at the first fluid 
junction. 

Another aspect of the invention is a method of introducing a first fluid material 
10 into a microfluidic system, comprising a microfluidic device, which includes a body structure 
having at least first and second channel segments included within. The first and second 
channel segments each have first and second ends. The first end of the first channel is in fluid 
communication with the first end of the second channel at a first fluid junction. The device 
also includes a capillary element attached to and extending from the body structure. The 
15 capillary element includes a capillary channel running through the element, which channel is in 
fluid communication at one end with the first and second channel segments at the first fluid 
junction. An amount of the first fluid material is introduced into the capillary channel. The 
amount of first fluid material is transported through the capillary channel and through the first 
fluid junction into the first channel segment. A second fluid material is flowed into the first 
20 channel segment from the second channel segment during the transporting step. 

Another aspect of the invention is a method of transporting materials from a 
first microscale channel segment to a second microscale channel segment, wherein the first and 
second channel segments are in fluid communication at a corner having a dead zone. The 
method includes transporting a discrete volume of material from the first channel segment into 
25 the second channel segment around the corner. The fluid flow is simultaneously directed 

through the dead zone into the second channel segment from a third channel segment that is in 
fluid communication and collinear with the second channel segment at the corner. 

Another aspect of the invention is a microfluidic device comprising a body 
structure having at least first, second and third channel segments included within. The first, 
30 second and third segments are in communication at a first intersection. The second and third 
channel segments are collinear. The third channel segment has a depth at the intersection that 
is less than 50% of the depth of the second channel segment. 

Another aspect of the invention is a method of transporting material in a 
microscale channel, comprising introducing a first fluid into the channel that has a first 
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electroosmotic mobility and a first conductivity. A second fluid is introduced into the channel, 
having a second electroosmotic mobility and a second conductivity. A varying voltage 
gradient is applied across a length of the channel to maintain a substantially constant average 
electroosmotic flow rate, despite a change in the total electrical resistance of the channel. 
5 Another aspect of the invention is a microfluidic system, comprising a 

rnicrofluidic device which includes a microscale channel disposed within it. The microscale 
channel contains varying volumes of first and second fluids, where the first and second fluids 
have first and second conductivities, respectively. An electrical controller is operably coupled 
to the microscale channel for applying a variable electric field across a length of the microscale 
10 channel. A computer is operably coupled to the electrical controller, and appropriately 

programmed to instruct the controller to vary the electric field to maintain a constant average 
electroosmotic flow rate within the channel, despite a change in total resistance across the 
length of the channel. 

15 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 schematically illustrates a microfluidic device including an external 
sampling capillary element, from the top (panel A), side (panel B), and perspective views 
(panel C). 

20 Figure 2 schematically illustrates a microfluidic device similar to that shown in 

Figure 1, except employing a rectangular capillary element. The overall device is illustrated in 
Figure 2A, while Figure 2B illustrates an expanded view of an exemplary connection between 
the capillary element and the body structure of the device. 

Figure 3 illustrates an overall system including a microfluidic device, controller, 
25 detector and sample sources. 

Figure 4 is an exemplary graph showing expected diffusion kinetics of fluid 
material plugs in a capillary channel. 

Figure 5 A illustrates flow pattern within a junction point between an external 
sample accessing capillary element and a microfluidic channel from top and side views. 
30 Figure 5B illustrates flow patterns within the same junction but incorporating a sweeping 
channel. 
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Figure 6A illustrates sample plug distortion at a channel corner (side view). 
Figure 6B illustrates the same corner incorporating a sweeping cannel showing a reduction in 
sample plug distortion. 

Figure 7 illustrates an actual channel layout of a microfluidic device 
5 incorporating an external sample accessing capillary as well as a sweeping channel. 

Figure 8 illustrates a microfluidic device incorporating an integrated electrical 
lead for connecting an electrical controller with an electrode for use in combination with an 
external sample accessing capillary element in accordance the present invention. 

Figure 9 is a plot of fluorescent intensity of fluorescent sample material plugs 
10 that were either electrokinetically or spontaneously injected into a microfluidic device. 

Figures lOa-f show peak width data for injections made into a microfluidic 
channel both with and without sweeping flow from an integrated sweeping channel. 

Figure 1 1 illustrates a drop of fluid at the end of an open ended fluid filed 
capillary element. 

15 Figure 12 illustrates the uneven baseline produced by unwanted spontaneous 

injection. 



DETAILED DESCRIPTION OF THE INVENTION 

I. General 

20 The present invention provides methods, apparatus and systems for introducing 

large numbers of different materials into a microfluidic analytical device in a rapid, efficient 
and reproducible manner. In particular, the present invention provides improved microfluidic 
devices having integrated pipettor elements, e.g. sippers or electropipettors, which are capable 
of sampling extremely small amounts of material for which analysis is desired, transporting 

25 that material into a microfluidic analytical channel network, and performing the desired 

analysis on that material. The basic structure of such integrated pipettor elements is described 
in detail in commonly owned U.S. Patent No. 5,779,868, and published International Patent 
Application No. 98/00705, each of which is incorporated herein by reference in its entirety for 
all purposes. 

30 In general, such devices include an elongated body or capillary element 

incorporating at least one capillary channel extending the length of the capillary element. One 
end of the capillary channel is opened while the opposing end of the channel is in fluid 
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communication with at least one channel that is contained within a microfluidic device. 
Sampling of materials is typically carried out by placing the open end of the capillary channel 
into contact with a source of the material to be analyzed. The material is then drawn into the 
capillary channel and transported into the channels of the microfluidic device. Typically, the 
5 drawing of material into the capillary, as well as the transport of the material into the channels 
of the microfluidic device is carried out electrokinetically. Specifically, an electric field is 
generally established between the source of material and some point within the microfluidic 
device. The electric field then causes the electrokinetic movement of the material into the 
capillary channel and into the microfluidic device. Optionally, however, vacuum or pressure 

10 driven forces may be applied to draw materials into the channel networks of the device. 

As used herein, the term "microscale" or "microfabricated" generally refers to 
structural elements or features of a device which have at least one fabricated dimension in the 
range of from about 0.1 fim to about 500 ^im. Thus, a device referred to as being 
microfabricated or microscale will include at least one structural element or feature having such 

15 a dimension. When used to describe a fluidic element, such as a passage, chamber or conduit, 
the terms "microscale," "microfabricated" or "microfluidic" generally refer to one or more fluid 
passages, chambers or conduits which have at least one internal cross-sectional dimension, e.g., 
depth, width, length, diameter, etc., that is less than 500 j-tm, and typically between about 0.1 \im 
and about 500 jxm. In the devices of the present invention, the microscale channels or chambers 

20 preferably have at least one cross-sectional dimension between about 0.1 fim and 200 ^m, more 
preferably between about 0.1 |im and 100 \xm, and often between about 0.1 |xm and 20 p.m. 
Accordingly, the microfluidic devices or systems prepared in accordance with the present 
invention typically include at least one microscale channel, usually at least two intersecting 
microscale channels, and often, three or more intersecting channels disposed within a single body 

25 structure. Channel intersections may exist in a number of formats, including cross intersections, 
"T" intersections, or any number of other structures whereby two channels are in fluid 
communication. 

The body structure of the microfluidic devices described herein typically 
comprises an aggregation of two or more separate layers which when appropriately mated or 
30 joined together, form the microfluidic device of the invention, e.g., containing the channels 
and/or chambers described herein. Typically, the microfluidic devices described herein will 
comprise a top portion, a bottom portion, and an interior portion, wherein the interior portion 
substantially defines the channels and chambers of the device. 
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In many preferred aspects, the body structure of these microfluidic devices 
comprises at least a two-layer body structure. The bottom portion of the device typically 
comprises a solid substrate that is substantially planar in structure, and which has at least one 
substantially flat upper surface. A variety of substrate materials may be employed as the bottom 
5 portion. Typically, because the devices are microfabricated, substrate materials will be selected 
based upon their compatibility with known microfabrication techniques, e.g., photolithography, 
wet chemical etching, laser ablation, air abrasion techniques, injection molding, embossing, and 
other techniques. The substrate materials are also generally selected for their compatibility with 
the full range of conditions to which the microfluidic devices may be exposed, including 
10 extremes of pH, temperature, salt concentration, and application of electric fields. Accordingly, 
in some preferred aspects, the substrate material may include materials normally associated with 
the semiconductor industry in which such microfabrication techniques are regularly employed, 
including, e.g., silica based substrates, such as glass, quartz, silicon or polysilicon, as well as 
other substrate materials, such as gallium arsenide and the like. In the case of semiconductive 
15 materials, it will often be desirable to provide an insulating coating or layer, e.g., silicon oxide, 
over the substrate material, and particularly in those applications where electric fields are to be 
applied to the device or its contents. 

In additional preferred aspects, the substrate materials will comprise polymeric 
materials, e.g., plastics, such as polymethylmethacrylate (PMMA), polycarbonate, 
20 polytetrafluoroethylene (TEFLON™), polyvinyls loride (PVC), polydimethylsiloxane (PDMS), 
polysulfone, polystyrene, polymethylpentene, polypropylene, polyethylene, polyvinylidine 
fluoride, ABS (acrylonitrile-butadiene-styrene copolymer), and the like. Such polymeric 
substrates are readily manufactured using available microfabrication techniques, as described 
above, or from microfabricated masters, using well known molding techniques, such as injection 
25 molding, embossing or stamping, or by polymerizing the polymeric precursor material within the 
mold (See U.S. Patent No. 5,512,131). Such polymeric substrate materials are preferred for then- 
ease of manufacture, low cost and disposability, as well as their general inertness to most 
extreme reaction conditions. Again, these polymeric materials may include treated surfaces, e.g., 
derivatized or coated surfaces, to enhance their utility in the microfluidic system, e.g., provide 
30 enhanced fluid direction, e.g., as described in U.S. Patent Application Serial No. 08/843,212, 
filed April 14, 1997 (Attorney Docket No. 17646-002610), and which is incorporated herein by 
reference in its entirety for all purposes. 

The channels and/or chambers of the microfluidic devices are typically fabricated 
into the upper surface of the bottom substrate or portion, as microscale grooves or indentations, 
35 using the above described microfabrication techniques. The top portion or substrate also 
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comprises a first planar surface, and a second surface opposite the first planar surface. In the 
microfluidic devices prepared in accordance with the methods described herein, the top portion 
also includes a plurality of apertures, holes'or ports disposed therethrough, e.g., from the first 
planar surface to the second surface opposite the first planar surface. 
5 The first planar surface of the top substrate is then mated, e.g., placed into contact 

with, and bonded to the planar surface of the bottom substrate, covering and sealing the grooves 
and/or indentations in the surface of the bottom substrate, to form the channels and/or chambers 
(i.e., the interior portion) of the device at the interface of these two components. The holes in the 
top portion of the device are oriented such that they are in communication with at least one of the 

10 channels and/or chambers formed in the interior portion of the device from the grooves or 

indentations in the bottom substrate . In the completed device, these holes function as reservoirs 
for facilitating fluid or material introduction into the channels or chambers of the interior portion 
of the device, as well as T providing pons at which" eieetroaes may oe placed intoxontact with 
fluids within the device, allowing application of electric fields along the channels of the device to 

15 control and direct fluid transport within the device. 

In many embodiments, the microfluidic devices will include an optical detection 
window disposed across one or more channels and/or chambers of the device. Optical detection 
windows are typically transparent such that they are capable of transmitting an optical signal 
from the channel/chamber over which they are disposed. Optical detection windows may merely 

20 be a region of a transparent cover layer, e.g., where the cover layer is glass or quartz, or a 

transparent polymer material, e.g., PMMA, polycarbonate, etc. Alternatively, where opaque 
substrates are used in manufacturing the devices, transparent detection windows fabricated from 
the above materials may be separately manufactured into the device. 

These devices may be used in a variety of applications, including, e.g., the 

25 performance of high throughput screening assays in drug discovery, immunoassays, diagnostics, 
genetic analysis, and the like. As such, the devices described herein, will often include multiple 
sample introduction ports or reservoirs, for the parallel or serial introduction and analysis of 
multiple samples. Alternatively, these devices may be coupled to a sample introduction port, 
e.g., a pipettor, which serially introduces multiple samples into the device for analysis. 

30 Examples of such sample introduction systems are described in e.g., U.S. Patent Application 
Nos. 08/761,575 and 08/760,446 (Attorney Docket Nos. 17646-000410 and 17646-000510, 
respectively) each of which was filed on December 6, 1996, and is hereby incorporated by 
reference in its entirety for all purposes. 

Figure 1 is a schematic illustration of a microfluidic device and integrated 

35 pipettor element from a top (Panel A), side (Panel B) and perspective view (Panel C). As 
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shown, the device 100 includes a main body structure 102 that includes a channel network 
disposed in its interior. The channel network includes a main analysis channel 104, which 
fluidly connects a sample inlet 106 with waste reservoir 108. Two reagent reservoirs 1 10 and 
112 are provided in fluid communication with the analysis channel 104 via channels 1 14 and 
5 1 16, respectively. Reagent reservoirs 1 10 and 1 12 are paired with buffer/diluent reservoirs 118 
and 120, respectively, which are in communication with channels 1 14 and 116 via channels 
122 and 124, respectively. In order to prevent electrolytic degradation of reagent and/or buffer 
materials, each of reservoirs 108, 110, 1 12, 116 and 120 is provided in electrical and/or fluid 
communication with an electrical access reservoir/salt bridge channel 128a/b, 130 a/b, 132a/b, 
10 134a/b, and 136a/b, respectively. The provision of an electrical access reservoir/salt bridge 
allows the application of voltages via electrodes for long periods of time without resulting in 
substantial degradation of reagents, buffers or the like. It should be noted that as reservoir 108 
is a waste well, it typically does not require a separate electrical access reservoir/salt bridge, 
e.g., 128a/b. 

15 The device also includes a capillary element 138 which includes an internal 

capillary channel running its length, the capillary channel communicating with the analysis 
channel 104 via the sample inlet 106. Although shown as being perpendicular to the main 
body structure of the device 102, it will be appreciated that the capillary element can be 
coplanar with the body structure, e.g., extending in the same plane as the body structure and 

20 collinear with the analysis channel, e.g., as described in Published International Application 
No. WO 98/00705, which is incorporated herein by reference. 

In at least one aspect, the capillary element includes at least one end that is 
substantially rectangular, so as to easily mate with a corresponding substantially rectangular 
opening on the body structure of the microfluidic device during fabrication of the overall 

25 device. Rectangular capillaries for use as the capillary element are generally commercially 
available, e.g., from VitroCom, Inc. or Mindrum Precision Products, Inc. 

An example of a device similar to that shown in Figure 1, but including a 
collinear, substantially rectangular capillary element, is shown in Figure 2A. The same 
reference numerals are used for elements that are common between Figures 1 and 2. As 

30 shown, the overall device 100 again includes a main body structure 102 as described with 

reference to Figure 1, which includes integrated channel network disposed in its interior. The 
rectangular capillary. element 238 includes a capillary channel 240 running its length. The 
capillary element is attached to the body structure via a rectangular opening 242 in the body 
structure 102. Insertion of a rectangular end of the capillary element 238 into rectangular 
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opening 242 places the capillary channel 240 into fluid communication with at least one of the 
channels in the integrated channel network within the body structure. 

Because the opening 242 in the body structure is substantially rectangular, it is 
more conveniently fabricated than circular openings. In particular, while circular openings are 
5 typically drilled or air abraded into a body structure, rectangular openings are more 
conveniently fabricated by fabricating rectangular notches in two substrates by, e.g., 
photolithographic methods, which are mated to define the body structure of the device. The 
two notches are positioned to provide a single rectangular opening in the body structure. 
Figure 2B illustrates an expanded view of the joining of a rectangular capillary with a two- 

10 layer microfluidic device. As shown, the device comprises a two-layer body structure 

including the above-described notches. As shown, the body structure 102 is made up of at 
least first and second planar substrates 202a and 202b, respectively. The upper surface of the 
lower substrate 202a includes grooves fabricated therein, which correspond to the desired 
channel structure of the finished device, e.g., groove 204. The upper substrate 202b is mated 

15 and bonded to the upper surface of the lower substrate 202a (as illustrated by the dashed 

arrows). Typically, bonding is carried out by thermal bonding techniques, which result in a 
single integrated unit having sealed channels or conduits running through its interior. The 
upper substrate also typically includes a number of holes disposed through it (not shown), 
which holes align with and provide access to the channels of the finished device. The lower 

20 and upper substrates also include notches 242a and 242b, respectively, which are aligned when 
the two substrates are mated, to define an opening. Although these notches could be of any 
shape, e.g., rectangular, hemispherical, trapezoidal, etc., it is generally easier to fabricate 
substantially rectangular notches, e.g., using the same fabrication techniques and steps used in 
fabricating the grooves/channels of the device 200, e.g., groove 204. Substantially rectangular 

25 notches produce a substantially rectangular opening along the edge of the body structure of the 
device. The notches generally range in depth depending upon the dimensions of the 
rectangular capillary element to be inserted therein. Typically, however, these notches will 
range in depth from about 10 to about 50 jxm, and will be fabricated to make the transition 
from the channel in the capillary element to the channel in the device's body structure. For 

30 example, where a capillary element has a wall thickness of 15 jam (e.g., minor axis or interior 

diameter of 15 |xm, with wall thickness of 15 \im yielding overall cross section of 45 pm), the 

notch 242a on the lower substrate 202a will typically be approximately 30 \im deep, e.g., 

allowing for 15 fxm wall thickness and a 15 fim deep channel which matches up with the minor 

axis of the capillary element, while the notch 242b on the upper substrate 202b will be 
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approximately 15 \im deep to accommodate the upper wall of the capillary element. The 
notches typically extend into the substrate, e.g., away from the edge, up to about 2 mm, in 
order to conveniently and fixedly receive the capillary element. 

A substantially rectangular capillary element 238 is then inserted and attached 
5 to the body structure 202 via the opening (as shown by the dashed arrow). Typically, 

attachment of the capillary element is accomplished using an adhesive, e.g., epoxy, although 
other bonding techniques may also be used depending upon the nature of the materials used, 
e.g., thermal bonding, solvent welding, etc. 

Although the capillary element 238 is shown as being collinear with the main 
10 analysis channel 104 of the device 200, it will be readily apparent that the rectangular capillary 
element can be curved or bent out of the plane of the channel network to provide a more useful 
sampling capillary. Bent capillaries can be held in the bent shape, e.g., by applying a rigid bent 
sheath, i.e., plastic sheath or a coated sheath of polyimide or Teflon (polytetrafluoroethylene) 
or the like, over the capillary element to hold the capillary in the bent or curved orientation. 
15 Alternatively, a rectangular capillary can extend out of the plane of the channel network, e.g., 
perpendicular to the channel network plane, e.g., as shown in Figure 1. In particular, 
rectangular openings could be readily fabricated into the lower substrate 202a using well 
known fabrication techniques, e.g., etching. 

As noted above, in preferred aspects, the devices described herein are typically 
20 used in conjunction with electrokinetic material transport systems. As used herein, 

"electrokinetic material transport systems" include systems which transport and direct 
materials within an interconnected channel and/or chamber containing structure, through the 
application of electrical fields to the materials, thereby causing material movement through and 
among the channels and/or chambers, i.e., positively charged species will move toward the 
25 negative electrode, while negatively charged species will move toward the positive electrode. 

Such electrokinetic material transport and direction systems include those 
systems that rely upon the electrophoretic mobility of charged species within the electric field 
applied to the structure. Such systems are more particularly referred to as electrophoretic 
material transport systems. Other electrokinetic material direction and transport systems rely 
30 upon the electroosmotic flow of fluid and material within a channel or chamber structure which 
results from the application of an electric field across such structures. In brief, when a fluid is 
placed into a channel which has a surface bearing charged functional groups, e.g., hydroxyl 
groups in etched glass channels or glass microcapillaries, those groups can ionize. In the case 
of hydroxyl functional groups, this ionization, e.g., at neutral pH, results in the release of 
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protons from the surface and into the fluid, creating a concentration of protons at near the 
fluid/surface interface, or a positively charged sheath surrounding the bulk fluid in the channel. 
Application of a voltage gradient across the length of the channel, will cause the proton sheath 
to move in the direction of the voltage drop, i.e., toward the negative electrode. 
5 "Controlled electrokinetic material transport and direction," as used herein, 

refers to electrokinetic systems as described above, which employ active control of the 
voltages applied at multiple, i.e., more than two, electrodes. Rephrased, such controlled 
electrokinetic systems concomitantly regulate voltage gradients applied across at least two 
intersecting channels. Controlled electrokinetic material transport is described in Published 

10 PCT Application No. WO 96/04547, to Ramsey, which is incorporated herein by reference in 
its entirety for all purposes. In particular, the preferred microfluidic devices and systems 
described herein, include a body structure which includes at least two intersecting channels or 
fluid conduits, e.g., interconnected, enclosed chambers, which channels include at least three 
unintersected termini. The intersection of two channels refers to a point at which two or more 

15 channels are in fluid communication with each other, and encompasses "T" intersections, cross 
intersections, "wagon wheel" intersections of multiple channels, or any other channel geometry 
where two or more channels are in such fluid communication. An unintersected terminus of a 
channel is a point at which a channel terminates not as a result of that channel's intersection 
with another channel, e.g., a "T" intersection. In preferred aspects, the devices will include at 

20 least three intersecting channels having at least four unintersected termini. In a basic cross 
channel structure, where a single horizontal channel is intersected and crossed by a single 
vertical channel, controlled electrokinetic material transport operates to controllably direct 
material flow through the intersection, by providing constraining flows from the other channels 
at the intersection. For example, assuming one was desirous of transporting a first material 

25 through the horizontal channel, e.g., from left to right, across the intersection with the vertical 
channel. Simple electrokinetic material flow of this material across the intersection could be 
accomplished by applying a voltage gradient across the length of the horizontal channel, i.e., 
applying a first voltage to the left terminus of this channel, and a second, lower voltage to the 
right terminus of this channel, or by allowing the right terminus to float (applying no voltage). 

30 However, this type of material flow through the intersection would result in a substantial 

amount of diffusion at the intersection, resulting from both the natural diffusive properties of 
the material being transported in the medium used, as well as convective effects at the 
intersection. 
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In controlled electrokinetic material transport, the material being transported" 
across the intersection is constrained by low level flow from the side channels, e.g., the top and 
bottom channels. This is accomplished by applying a slight voltage gradient along the path of 
material flow, e.g., from the top or bottom termini of the vertical channel, toward the right 
■ 5 terminus. The result is a "pinching" of the material flow at the intersection, which prevents the 
diffusion of the material into the vertical channel. The pinched volume of material at the 
intersection may then be injected into the vertical channel by applying a voltage gradient 
across the length of the vertical channel, i.e., from the top terminus to the bottom terminus. In 
order to avoid any bleeding over of material from the horizontal channel during this injection, a 
10 low level of flow is directed back into the side channels, resulting in a "pull back" of the 
material from the intersection, 
■j In addition to pinched injection schemes, controlled electrokinetic material 

transport is readily utilized to create virtual valves which include no mechanical or moving 
parts. Specifically, with reference to the cross intersection described above, flow of material 
15 from one channel segment to another, e.g., the left arm to the right arm of the horizontal 
channel, can be efficiently regulated, stopped and reinitiated, by a controlled flow from the 
vertical channel, e.g., from the bottom arm to the top arm of the vertical channel. Specifically, 
in the 'off mode, the material is transported from the left arm, through the intersection and into 
the top arm by applying a voltage gradient across the left and top termini. A constraining flow 
20 is directed from the bottom arm to the top arm by applying a similar voltage gradient along this 
path (from the bottom terminus to the top terminus). Metered amounts of material are then 
dispensed from the left arm into the right arm of the horizontal channel by switching the 
^ applied voltage gradient from left to top, to left to right. The amount of time and the voltage 

gradient applied dictates the amount of material that will be dispensed in this manner. 
25 Although described for the purposes of illustration with respect to a four way, 

cross intersection, these controlled electrokinetic material transport systems can be readily 
adapted for more complex interconnected channel networks, e.g., arrays of interconnected 
parallel channels. 

Figure 3 is a schematic illustration of a microfluidic device incorporating an 
30 integrated pipettor element, as well as the overall material transport control and detection 
system, which incorporates the microfluidic device. As shown, the system 300 includes a 
microfluidic device 100, which incorporates an integrated pipettor/capillary element 138. Each 
of the electrical access reservoirs 128a-136a, has a separate electrode 328-336 disposed 
therein, e.g., contacting the fluid in the reservoirs. Each of the electrodes 328-336 is operably 
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coupled to an electrical controller 302 that is capable of delivering multiple different voltages" 
and/or currents through the various electrodes. Additional electrode 338, also operably 
coupled to controller 302, is positioned so as to be placed in electrical contact with the material 
that is to be sampled, e.g., in multiwell plate 340, when the capillary element 138 is dipped into 
5 the material. For example, electrode 338 may be an electrically conductive coating applied 
over capillary 138 and connected to an electrical lead which is operably coupled to controller 
302. Alternatively, electrode 338 may simply include an electrode wire positioned adjacent the 
capillary so that it will be immersed in/contacted with the sample material along with the end 
of the capillary element 138. Alternatively, the electrode may be associated with the source of 
10 material, as a conductive coating on the material source well or as a conductive material from 
which the source well was fabricated. Establishing an electric field then simply requires 
contacting the electrical lead with the source well material or coating. 

In another alternative aspect, the electrode element that extends into the sample 
source is coupled to an electrical lead that is fabricated into the body structure of the 
15 microfluidic device. This lead typically includes a contact point on the upper surface of the 
device that permits interfacing between the controller and the electrode in the same manner as 
the interface between the controller and the fluid filled reservoirs of the device. The lead may 
extend along a channel or conduit fabricated into the device, as with the fluid channels. In 
certain cases, the lead exits the body structure adjacent to the external capillary element and is 
20 connected to an additional contact point, where the electrode to be contacted with the sample 
material may readily contact or be attached to the electrical lead. The lead extending through 
the body structure may simply comprise a thin wire placed into the channel prior to bonding of 
the substrate layers, or alternatively, may comprise a conductive fluid, polymer or metal having 
a low melting temperature, that is flowed into the channel, and out through an exit port 
25 adjacent to the capillary element. An illustration of this electrical lead structure is illustrated in 
Figure 8 from a top (Panel A) and side (Panel B) view. In particular, a contact pad 802 is 
created within a reservoir-like structure in the body of the microfluidic device. An electrical 
conduit 804 is then provided through the body structure, e.g., within a channel-like structure 
that terminates in an exit port adjacent to the capillary element 138, where the lead is coupled 
30 to or integral with an electrode 806. 

A processor or computer 304 is also provided operably coupled to the controller 
302. The processor or computer 304 typically includes appropriate programming to instruct 
the controller in the delivery of appropriate voltages and/or currents to the various electrodes to 
carry out a given operation, e.g., moving material in accordance with a given preprogrammed 
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• 

protocol and/or user input instructions. The computer is also typically operably linked to a 
detection system 306, which is disposed in sensory communication with the analysis channel 
104 in the microfluidic device 100. As used herein, "in sensory communication" refers to a 
detector positioned to receive a particular detectable signal from the analysis channel. For 
5 example, optical detectors that are in sensory communication with the analysis channel are 
typically disposed adjacent a transparent or translucent portion of the analysis channel such 
that the detector receives any optically detectable signal, i.e., fluorescent signal, 
chemiluminescent signal, chromophoric signal, or the like, from the detection window within 
the analysis channel. Electrochemical detectors that are in sensory communication with the 
10 analysis channel, on the other hand, typically utilize a sensor, e.g., a sensor electrode, placed 

into contact with he fluid within the channel. It will be readily apparent to one of ordinary skill 
) that a variety of detection schemes may be employed within the scope of the present invention, 
including, optical, electrochemical, thermal, radioactive, etc. In operation, the detector detects 
and quantifies the signal from the analysis channel and relays the data to the 
15 processor/computer, which stores and analyzes the data relative to the operating protocol. 

Once the sampled material is transported into the analysis channel of the 
microfluidic device, it is then subjected to the desired analysis. For example, the material may 
be injected into a separation channel and separated into its component parts, e.g., 
electrophoretically. Alternatively, in the case of diagnostic samples, e.g., patient derived, the 
20 material may be mixed with antibodies, nucleic acids or other probes, to characterize the 

sample. In preferred aspects, the material is mixed with components of a biochemical system 
that is relevant to a particular disorder, pathology or the like, and the functioning of the system 
) is then compared in the presence and absence of the sample material to determine if the 

material has any pharmacologically exploitable activity, e.g., as described in WO 98/00231, 
25 incorporated herein by reference. 

II. Spontaneous Injection 

As noted above, the present invention relates to the accession and transport of 
externally stored materials into microfluidic devices using an external sampling 
30 pipettor/interface. In at least one aspect, the methods, devices and systems of the invention 

rely upon the phenomenon known as spontaneous injection in order to reliably, repeatedly and 
controllably introduce extremely small amounts of materials into microfluidic devices from 
external sources. As used herein, the phrase "spontaneous injection" refers to the action of 
fluid or other material to move into a given passage or conduit under no externally applied 
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forces, e.g., applied pressure differentials, applied electric fields, etc. Typically, and as used " 
herein, spontaneous injection refers to the action of fluids at the tip of a fluid-filled capillary 
channel in moving into the channel as a result of capillary action within the channel, surface 
tension on the fluid outside the channel, or the like. Thus, a fluid or other material that is 
5 "spontaneously injected" into a channel, chamber or other conduit, moves into that channel, 
chamber or other conduit without the assistance of an externally applied motive force. 

The phenomenon of spontaneous injection is generally viewed as a problem in 
capillary electrophoresis applications as it presents a constant volume error in sampling 
(independent of sampled volume) that can vary depending upon the geometry of the capillary 
10 channel and channel tip. Methods for reducing or eliminating this effect are presented below. 

However, the present invention also exploits the characteristics of this 
phenomenon to provide improved sample accession methods and systems. In particular, 
spontaneous injection permits a number of useful advantages when sampling large numbers of 
different materials into microfluidic systems. For example, as noted, the rate at which 
15 materials are spontaneously injected into a capillary channel is largely dependent upon the 

geometry of the capillary channel and the nature of the material being sampled, e.g., the type of 
fluid. Thus, for a given system, spontaneous injection of sample materials is highly 
reproducible. Further, because spontaneous injection can be a relatively slow process, one can 
sample extremely small volumes of materials, depending upon the amount of time over which 
20 the material is allowed to inject. Typically, such sampled volumes range from fractions of 
picoliters to nanoliters. 

Additional advantages of spontaneous injection systems are apparent in 
electrokinetically controlled systems. In particular, because spontaneous injection does not 
rely upon electrokinetic introduction of materials into the capillary channel, materials typically 
25 less compatible with such electrokinetic systems can be used. For example, nonaqueous 

materials, e.g., pharmaceutical library compounds disposed in nonaqueous solvents such as 
DMSO (dimethylsulfoxide), DMF (dimethylformamide), acetone, alcohols and other water 
soluble organic solvents, nonionic fluids or other materials, can sometimes be less suitable to 
electrokinetic material transport due to their nonconductive nature or extremely low 
30 conductivity. Further, because electric fields are not employed in the initial sampling process, 
spontaneously injected samples will not have an inherent electrophoretic biasing that can be 
associated with electrokinetically sampled materials, where more highly charged components 
of sample material are enriched for or against, by virtue of the driving electric fields. 
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Spontaneous injection of sample materials is also highly predictable and 
reproducible for a given system. In particular, appropriate modeling equations can be utilized 
to determine the amount of material that will be spontaneously injected over a given amount of 
time in any given system. Specifically, the interfacial pressure difference across a 
5 hemispherical droplet that is present at the end of a capillary channel (AP S ), and which drives 
penetration or injection of the fluid into the capillary channel, is derived from {he formula: 

AP s =2y/R (1) 

10 where y is the surface tension of the fluid or buffer in the droplet and R is the radius of the 

droplet. For purposes of the calculation it is assumed that the droplet radius is equivalent to the 
) outer radius of the capillary from which the droplet is suspended. 

In order to determine the amount of penetration or injection of a fluid droplet 

into the end of the capillary channel, however, counteracting forces in the capillary channel are 
15 also considered. These include the hydrostatic pressure (AP h ) and hydrodynamic resistance of 

the capillary channel, which hinder the fluid's penetration into the capillary channel. The 

hydrostatic pressure is calculated from: 

APh= pgh (2) 

20 

Where p is the density of the fluid, g is the gravitational constant, and h is the height of the 
fluid column. The hydrodynamic resistance of the channel is obtained from the sum of the 
capillary pressure (AP cap ) and channel resistance (AP C h an ). Thus: 

25 (dV/dt)(Hydrodynamic Resistance)= AP ca p+AP C han (3) 

AP cap = MLi dV (4) 

7ir 4 dt 

30 AP rhnn = i2nL 2 dV (for W»B) (5) 

WB 3 dt 
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In these equations, Li is the length of the capillary, r is the inner radius of the capillary L 2 is the 
length of the channel, W is the width of the channel, B is the channel depth, r) is the fluid 
viscosity and dV/dt is the fluid penetration flux, or the instantaneous volumetric flow rate. 

5 Thus, the pressure balance of the system is given as follows: 

AP S = AP h + AP cap + AP chan (6) 

Solving for the penetration flux of the fluid (dV/dt) yields the following: 

10 

dv = APs^APh (7) 
dt hydrodyn. resist. 

In which the hydrodynamic resistance is given by the equation: 
15 8nL i + 12nL? (8) 

Tir 4 WB 3 

Therefore, for any given amount of time, the penetration length, e.g., the amount of material 
injected can be calculated as follows: 



20 



Penetration length = (dv/dt) At (9) 

Ttr 2 



From the above equation, it is apparent that one can vary the amount of material 

25 injected into a given capillary channel, i.e., having a set cross sectional area, simply by varying 

the amount of time over which the droplet at the end of the channel is allowed to 

spontaneously inject into the channel. Further, by varying the cross-sectional area of the 

relevant capillary channel, i.e., at the end of the capillary element, one can alter the amount of 

time required to inject a given volume of material. 

30 III. Elimination of Spontaneous Injection 

In some systems, spontaneous injection is used as a sampling method as 

described above. However, unwanted spontaneous injection can also be eliminated or reduced. 

In a typical pipettor device in a micro fluidic high-throughput screening 

application, substrate and enzyme are brought in from side channels of a microfluidic device. 
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The substrate and enzyme react in the main channel, typically generating a fluorescent product 
that is detected. During the experiment, a microtiter plate, is moved underneath the capillary 
which draws samples from the wells of the microtiter plate into the device. For example, the 
samples optionally comprise potential inhibitors or other modulators of a fluorogenic 
5 enzymatic reaction. With no inhibitor present, an ideal fluorescent signal observed in a 
screening experiment is flat due to a constant amount of product being generated in the 
enzymatic reaction. An inhibitor causes a decrease in the amount of fluorescent product 
generated and thus produces a decrease in the observed signal. Spontaneous injection also 
leads to decreases in the observed signal. 
10 Spontaneous injection, as described above, refers to the injection of a drop of 

liquid at the end of a capillary into a microfluidic system. Samples are introduced into the 
^ system from a microtiter plate via an open-ended capillary. The capillary is moved from well 
to well of the microtiter plate or, alternatively, the plate is lowered away from the capillary and 
moved so that a different well is under the capillary. While the plate is being moved, the 
15 capillary is in the air with a drop hanging from it as shown in Figure 11. The curvature of the 
drop results in a force which has a tendency to drive fluid into the capillary. This force injects 
the fluid into the capillary in an injection referred to as spontaneous injection. This injection is 
optionally used as described above to inject, e.g., small amounts of fluid into the capillary. 
However, unwanted spontaneous injection (as opposed to the use of 
20 spontaneous injection as described above) has an important impact, e.g., it increases dilution, 
e.g., of substrate and enzyme being introduced from the side channels of the system. The 
dilution results in a decrease in the observed product signal, which mimics a weakly inhibiting 
j sample being brought onto the chip. When not used as a sampling method, spontaneous 

injection makes it more difficult to differentiate between weak inhibitors and systematic dips 
25 observed in the spectrum. Similar problems exist in other mixing experiments, such as drug 
screening, nucleic acid sequencing, western type analyses, and the like. 

Spontaneous injection is optionally reduced or eliminated by changing the 
pressure applied to the fluid in the capillary. Typically an open ended fluid filled capillary 
element is dipped into a first source of a fluid while a negative pressure is applied to the fluid 
30 in the capillary to draw the fluid from the source, e.g., a well in a microtiter plate, into the 

capillary and thus into the microfluidic device. The capillary is then typically removed from 
the first source before dipping it into a second source. The pressure is typically altered slightly 
as the capillary is lifted out of the source, e.g., a fluid filled microtiter well. For example, the 
pressure applied to the capillary in the well is changed, e.g., from a negative value to a positive 
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or zero value, while transferring the capillary from one well to another. Typically, the negative 
value ranges from about -1 to about -2 psi and the positive value ranges from about +0.1 to 
about +3 psi. In some embodiments, the positive pressure ranges from about 1 to about 3 psi. 
In preferred embodiments, the pressure ranges from about OA to about 0.3 psi. The positive 
5 value is typically chosen to substantially equal the magnitude of the spontaneous injection to 
be eliminated. The slightly positive pressure or zero pressure is sufficient to counteract the 
spontaneous injection. In addition, pressure applied to the wells or reservoirs, e.g., the 
substrate and enzyme wells and the waste well is increased or a vacuum pressure is decreased 
to aid the reduction or elimination of spontaneous injection. In this manner, the pressure over 
10 the system is adjusted such that the substrate and enzyme do not flow from the wells into the 
system during spontaneous injection or during the pressure changes used to eliminate or reduce 
spontaneous; injection. Alternatively, the negative pressure is maintained and timed as 
described above to allow spontaneous injection to occur, e.g., to inject small amounts of fluid 
into the capillary. 

15 The change in pressure, e.g., from a negative pressure that pulls liquid into the 

capillary to a positive pressure which forces liquid out of the capillary, prevents or reduces the 
intake of fluid when the capillary is removed from the well. When sampling a plurality of 
samples, the capillary is moved from one well to another well in the microtiter plate. The 
negative pressure used to draw fluid into the capillary is changed to a positive or zero pressure 

20 when the capillary is lifted from the well. When the capillary is removed from the well the 
positive or zero pressure is maintained. Alternatively, the microtiter plate is lowered away 
from the capillary and moved so that a different well is under the capillary. The pressure is 
returned to a negative value when the capillary is dipped into the new well. During these 
pressure changes, the pressure is also typically changed at waste wells and side wells. For 

25 example, pressure is increased on the waste well and side wells, e.g., the substrate and enzyme 
wells, in proportion to the increased pressure on the fluid in the capillary. Therefore, no liquid 
is drawn in from the side wells or waste well during the manipulations. Thus, spontaneous 
injection is reduced or eliminated during movement of the microtiter plate or capillary. 

An alternative method used to reduce spontaneous injection is to configure the 

30 wells, e.g., substrate and enzyme wells, of the device such that they are not proximal to the 
capillary used to draw samples from the microtiter plate. Typically, the wells are placed so 
that they are connected to a main channel at a point farther down the channel than the capillary 
connection point. The farther away from the capillary that the wells are placed, the less they 
are affected by spontaneous injection pressure alterations. For example, the pressure can 
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fluctuate 1/10 of a psi at a side well, e.g., a substrate or enzyme well, when the capillary is 
lifted from one microtiter well and placed in another microtiter well. However, the waste well, 
which is typically further away from the capillary than the side wells are, does not experience a 
pressure fluctuation. This pressure fluctuation causes changes in the amount of substrate and 
5 enzyme drawn into the system. Therefore, moving these wells away from the capillary 

decreases the effect of the pressure changes on the side wells. Alternatively, pressure on the 
side wells is altered to substantially equal the magnitude of the pressure changes in the 
capillary, as described above. 

10 Iv - Dispersion Effects in Microscale Channels. 

In addition to calculating and providing for precise sampling of materials, one 
) can also predict and control a level of dilution of a sample material, which dilution results from 
diffusion and dispersion effects within the microscale capillary channel. In particular, the 
following equation approximates the dilution of a material plug within a microscale channel at 
15 time "t" relative to the concentration at time "0." 

C, = 1 [erfOvoQ + erf (h+x)1 
Co 2 2VDt 2VDt 

Where C t is the concentration of the material at time *t\ C 0 is the concentration at time '0', 'h' 

20 is the "half width" of the initial injected sample plug length at time 0 centered at x=0, x is the 
spatial coordinate, and 'D' is, in the most general case, a diffusion coefficient. When 
dispersion of the sample plug is driven by thermal diffusion, D is the molecular diffusivity (D). 

) When dispersion is driven by a pressure driven flow in the Taylor dispersion regime, D is the 
Taylor diffusion coefficient (D,) of the solvent in which the material to be diluted is dissolved. 

25 Although the concentration of material in the sample plug at time V will not be constant, e.g., 
concentration will be greater at the center of the plug and lower toward the edges, for purposes 
of this calculation, the dilution of the maximum peak height at x=0 is determined. A schematic 
illustration of the dilution profile or concentration-distance curves of sample plugs are 
illustrated in Figure 4. The numbers on the curves are values of (Dt/h 2 )' /3 . The square curve 

30 illustrates the dilution profile at time 0 (See Crank, The Mathematics of Diffusion, 2 Dd Ed. 
(Oxford Univ. Press 1994)). 

Table 1 below provides the size of a sample plug and amount of time required 
to produce a 1:100 dilution of the maximum peak height of a sample material (C/C 0 =0.01) 
dissolved in DMSO, according to the above calculations. The calculations assume a Taylor 
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dispersion coefficient *D t ' of 1X10" 4 cm 2 /s (which is generally variable as a function of time 
and velocity of the fluid flow) and a molecular diffusivity of 3X10" 6 cm 2 /s. 



Table I 



Injection Plug 
Width (pan) 


C/C 0 


Time (s) 


4 


0.01 


1.27 


8 


0.01 


5.09 


12 


0.01 


11.45 


16 


0.01 


20.37 


20 


0.01 


31.82 


24 


0.01 


45.83 


28 


0.01 


62.38 



As mentioned above, the present invention provides methods for introducing 
large numbers of different materials into a microfluidic device in a rapid, efficient, and 
reproducible manner. When multiple samples are introduced into a microfluidic channel, e.g., 

10 for a series of assays, more than one sample is optionally flowing through a channel at the 

same time, e.g., when long incubation times are desired, many different samples are parked or 
positioned within the channel during the incubation time. These samples diffuse as described 
above and potentially mix together at some time, e.g., when they are loaded one after the other 
with no time or space between the sample injections. However, if the samples are spatially 

15 separated in the channel, diffusion occurs without mixing the various samples. The 

calculations described above are optionally used to determine the extent of diffusion, from 
which an ideal spacer length is optionally determined. 

The present invention provides methods of separating samples with spacers, 
therefore providing rapid and efficient introduction of multiple samples. 

20 Spatial separation is obtained in microfluidic channels in a variety of ways, e.g., 

by separating the samples with high salt fluids and guard bands. See, e.g., U.S. Patent No. 
5,942,443, "High Throughput Screening Assay Systems in Microscale Fluidic Devices," by 
Parce et al. The patent describes the use of low ionic strength spacer fluids on either side of a 
sample plug to aid in electrokinetic pumping of samples through microfluidic channels. These 
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low ionic strength fluids are combined with guard bands or plugs on either end of the sample- 
plug to prevent migration, e.g., electrophoretic migration, of sample elements into the spacer 
fluid band. Spacers and guard bands are described in more detail, e.g., in U.S. Patent No. 
5,779,868, "Electropipettor and Compensation Means for Electrophoretic Bias," by Parce et al. 

• 5 In the present invention, the separator plug is typically an immiscible fluid such 

as an organic solvent, an air or gas bubble, or an air or gas pocket. Immiscible fluids are fluids 
that are incapable of mixing or blending, e.g., with other assay materials within the system. 
For example, an immiscible fluid in relation to an aqueous sample is typically an organic 
solvent or other non-aqueous solution, and an immiscible fluid in relation to a non-aqueous 

10 sample is typically an aqueous fluid or other fluid that does not mix with a non-aqueous 

sample. For example, polyethylene glycol (PEG) and dextran solutions are optionally used as 

j immiscible fluids for sample spacers. Preferred immiscible fluids include, but are not limited 
to, chlorinated hydrocarbons, fluorocarbons and the like. Typically, the immiscible fluid is 
also compatible with the material used to fabricate the body structure of the microfluidic 

15 device. For example, an immiscible fluid that dissolves or etches plastic is not typically used 
in a plastic device. 

In the present invention, samples are optionally introduced into the channel by 
alternately injecting sample materials and a volume of air or immiscible fluid to serve as a 
spacer. For example, a spacer is injected after each sample or before each sample. Sample 
20 introduction optionally comprises flowing a first sample into a microscale channel, flowing a 
spacer into the microscale channel, and then flowing a second sample into the microscale 
channel. A spacer is flowed through the channel after each sample to separate one sample 

• from the next sample. 

A volume of air or immiscible fluid of the present invention is optionally 
25 introduced into the channels as a spacer plug by a capillary that sips the air or immiscible fluid 
into a microfluidic device, e.g., from a microtiter plate. Alternatively, air or gas bubbles are 
generated electrically by placing electrodes in the channels of a microfluidic device. For 
example, gas is injected into the channel after or before each sample introduced into the 
channel. Therefore, when diffusion occurs as described above, an air or gas pocket acts as a 
separator or spacer to insure that the samples on either side of the plug do not mix. The use of 
air or an immiscible fluid as a sample separator allows a high-throughput assay to progress 
without the timing delays that would otherwise be necessary to insure that sample diffusion 
between adjacent samples does not cause contamination or bias in the relevant assay. 
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Therefore, the present invention provides rapid methods of sample introduction for multiple 
samples. 



V. Inactivating Reagents Used to Monitor Microfluidic Assa ys 
5 As noted above, the present invention relates to the accession and transport of 

externally stored materials into microfluidic devices using an external sampling 
pipettor/interface. Typically, in a high throughput microfluidic assay, a plurality of samples is 
introduced into a microfluidic system from a microtiter plate via an open ended capillary or 
sampling pipettor. The capillary is dipped into a first well of the microtiter plate, fluid is 

10 drawn into the capillary and into the microfluidic system. The capillary is then removed from 
the first well and dipped into a second well and the process is repeated. When moving the 
capillary, or alternatively, the microtiter plate, spontaneous injection occurs as described 
above. The spontaneous injection is typically either taken advantage of as an alternative way 
to introduce compounds into the system or it is eliminated or reduced. Methods for using 

15 spontaneous injection as a way to introduce materials into a microfluidic system and for 
reducing or eliminating spontaneous injection are provided above. 

During a high throughput assay, multiple samples are introduced into a 
microfluidic device using the sampling methods described herein. These samples are typically 
separated in space and time by the use of a spacer as described above. The samples are 

20 optionally assayed, e.g., for enzyme inhibition activity, by adding each sample into the device 
where it is mixed with substrate and enzyme. An enzyme reaction is carried out in the 
presence of each sample, e.g., which includes a potential inhibitor or other modulator. The 
present invention provides a method for performing a real time analysis of the percent 
inhibition for each sample assayed, e.g., each sample in a microtiter plate. 

25 Typically, an enzyme and a substrate are mixed in the presence of a sample, 

e.g., which includes a potential inhibitor or other modulator, to form a product, which is 
typically a detectable fluorescent product. The amount of product produced is measured, e.g., 
by the magnitude of a fluorescent signal, to determine the extent to which the enzyme activity 
is inhibited or activated by a particular sample or inhibitor. When a strong inhibitor sample is 

30 added to the reaction, the detected product signal is typically reduced in comparison to a weak 
inhibitor or no inhibitor. Conversely, the amount of signal increases when an activator is 
added to the reaction. The amount of inhibition is typically referred to as the percent 
inhibition. The magnitude of the reduction in product signal due to the inhibition strength of 
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the sample is optionally converted to a percent inhibition when the signal level of a 100% 
inhibition sample is known. 

The present invention provides a method of calibrating a signal level for 100% 
inhibition of enzyme activity. The calibration provides an easy determination of the percent 
5 inhibition of any sample assayed. The present method of screening comprises periodically 
adding an inactivating compound to the system. The inactivating agent is optional-ly a single 
inactivating compound or a combination of compounds that completely inactivates or inhibits 
an enzyme's activity. The inactivating compound is also optionally used as a marker for well 
locations and for periodic monitoring of various functions in a microfluidic system. In 
10 addition, the inactivating compound allows real-time, quantitative determination of percent 
inhibition for a sample at each location in a microtiter plate without the use of another tracer 
) dye fluorescing at a different wavelength. 

Calibration of a 100% inhibition signal level is obtained by placing an 
inactivating reagent or compound into predetermined locations in a microtiter plate. The 
15 inactivating reagent blocks all enzymatic activity. The inactivating reagent does not have to be 
a true inhibitor. For example, the inactivating reagent is optionally a compound or group of 
compounds that denatures an enzyme, breaks it up, or binds irreversibly to the active site to 
render the enzyme completely inactive. By detecting the result of an enzymatic reaction 
carried out in the presence of an inactivating reagent, a signal level for 100% inhibition' or 
20 complete lack of enzyme activity is provided. Other levels are compared to the 100% 
calibration level to determine a percent inhibition for each sample assayed. 

In addition, periodic placement of inactivating reagents in some wells of a 
) microtiter plate and alternate sipping of the inactivating reagents with the samples contained in 

the wells simultaneously allows tracking of well locations and the well-being of the 
25 microfluidic devices and reagents for the assay. For example, an inactivating reagent is 

optionally introduced into the system after about every 5 samples, about every 10 samples, 
about every 25 samples, about every 50 samples, about every 100 samples, etc. Therefore a 
periodic check is made on the system and the well location after, e.g., each 5, 10, 25, 50, or 
100 samples or the like. Thus, by periodically injecting an inactivating reagent into a 
30 microfluidic device, high throughput assays are continuously monitored and calibrated, e.g., 
for 100% inhibition of an enzyme. 

Alternatively, blank samples, e.g., samples with no inhibitors or activators, are 
optionally used in place of the inactivating compounds to establish a base level for enzyme 
action and then measure the percent activation over that base level. Other modulators of 
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known effects are also used in the methods described above, e.g., to provide well markers or to 
test the function of the device. 

As alluded to above,. the devices, methods and systems described herein are 
generally useful in performing a large number of different high-throughput analyses, including 
5 diagnostic assays, genomic assays, and, in particularly preferred aspects, pharmaceutical 

screening assays. The various types of assays that benefit from such systems and methods are 
generally described in Published International Patent Application Nos. 98/00231 and 98/00705, 
which is hereby incorporated herein by reference in its entirety for all purposes. 

In particularly preferred aspects, the devices, methods and systems of the 

10 invention are particularly useful in carrying out high-throughput pharmaceutical screening 
assays. Typically, in such high-throughput screening operations, libraries of pharmaceutical 
candidate compounds are maintained dissolved or suspended in nonaqueous or organic 
solvents, such as DMSO, in order to keep the compounds soluble and to prevent their 
degradation. Pharmaceutical candidate libraries are generally compiled by a number of well 

15 known methods, including the gathering of large numbers of samples of naturally occurring 

materials, as well as large libraries of synthetic chemical compounds produced by, e.g., various 
combinatorial chemistry techniques, including focused and/or random combinatorial methods. 

The various library compounds are generally transferred from the storage or 
'master' plates, into separate multiwell plates (also referred to as daughter plates), and are 

20 diluted with the same organic solvent. The daughter plates are then used as the compound 
sources for subsequent screening assays. In particular, compounds are transferred from the 
daughter plates into additional multiwell plates, in which they are diluted in an appropriate 
assay compatible buffer, prior to subjecting them to the assay. The use of daughter plates 
serves to preserve the integrity of the master library plates, as well as provide for the initial 

25 dilution of the library compounds, while the subsequent plates allow further dilution of the 
compounds and substitution of the organic solvent with an appropriate assay compatible 
buffer. 

As set forth above, the devices, methods and systems of the invention are 
readily able to sample materials in nonaqueous, e.g., organic, solvents, as well as perform in 
30 situ dilution of these materials. As such, these systems and methods are capable of sampling 
directly from the daughter plates, eliminating a time consuming, reagent intensive step from 
the currently used processes. Further, because one can relatively precisely determine dilution 
rates of the injected materials, one can effectively perform the dilution of the sample material 
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or test compound, in situ, thereby eliminating yet another reagent intensive, time-consuming" 
step. 

IV. Improved Flow Systems and Methods 
5 Additional aspects of the present invention provide microfluidic devices' 

including integrated capillary/pipettor elements and methods of using the same, which have 
improved flow and/or material direction characteristics. For example, in one aspect, the 
devices of the invention are configured so as to minimize flow-altering effects at the junction 
of the external capillary element and the internal channel network, e.g., resulting from dead 
10 spaces and/or sharp corners at these junctions. In particular, in those devices incorporating an 
external sampling capillary that extends from the plane of the body structure, e.g., as shown in 
Figure 1, the junction of the capillary channel in the capillary element, with the interior 
channel in the body structure of the device can result in a substantial dead volume. This is 
illustrated from a top and side view in Figure 5A, where the darkened region indicates a dead 
zone when the material is flowing in the direction of the arrows. In addition to this dead zone, 
this type of 'sharp comer' junction can also result in other undesirable flow characteristics, and 
particularly where electrokinetic transport systems are used. Specifically, as shown from a 
side view in Figure 6A, a plug of material, as illustrated by the dark region (A), is 
electrokinetically transported up the capillary element and through the corner whereupon it is 
20 substantially deformed upon travelling through that comer, as indicated by fluid plug B. This 
is at least partially a result of the non-homogeneity of the electric fields passing through the 
comer. In particular, the material traveling through the comer at the outer edge experiences a 
) much lower electric field than the material at the inside edge of the comer. Thus, this material 
at the outer edge of the comer moves slower, resulting in a "racetrack" effect at these comers, 
which results in a deformation of the sample material plug. This deformation substantially 
smears the fluid plug, and thus any signal or effect resulting from the fluid plug. 

In accordance with the present invention, however, a 'sweeping flow' of fluid or 
other material is transported through the junction point while the fluid plugs of sample material 
are being transported therethrough. This sweeping flow passes through what would be the 
dead zone, thereby preventing collection of any materials in that area, as shown in Figure 5B. 
In devices that employ electrokinetic transport systems, the sweeping flow also functions to 
minimize the differences in the electrical fields at the inside and outside edges of a relatively 
sharp channel comer. In addition to these corrective effects, sweeping channels of the type 
described herein, also have additional advantages. This effect is shown in Figure 6B. For 
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example, where a particular reagent, e.g., enzyme, substrate or combination, is being 
introduced to the main reaction channel through the sweeping channel, its junction with the 
reaction channel in a collinear fashion, allows the reagent to be equilibrated across the entire 
width of the channel before it is mixing with a sample material, e.g., at the junction with the 
5 external capillary element. 

As shown in Figures 5B and 6B, the sweeping flow is generally provided via an 
additional or "sweep" channel 510 which intersects and, at least at the junction point 512 of the 
analysis channel 104 and the capillary channel 514, is collinear with the main analysis channel 
104. In devices employing electrokinetic transport, it is generally desirable to provide the 

10 sweep channel 510 as a shallower channel than the analysis channel 104, to reduce any 

pressure effects from electroosmotically transporting plugs of fluids having different ionic 
strengths, and thus different electroosmotic flow rates through the junction 512. The use of 
shallower channels to mitigate these pressure effects is described in Published International 
Application No. WO 98/00705, which was previously incorporated herein. Briefly, pressure 

15 effects of fluids vary as a function of the cube of the channel depth, while electroosmotic flow 
effects vary linearly with the channel cross-sectional area, or with the square of the channel 
depth. Accordingly, in preferred aspects, the sweep channel is provided with a depth that is no 
more than 50% of the depth of the analysis channel, preferably, no more than 20%, more 
preferably, no more than 10%, and in some cases as little as 1% the depth of the analysis 

20 channel at or adjacent to the junction point 512. Typically, sweep channel 510 is fabricated 
during the same process used to fabricate the remainder of the channel network, e.g., in the 
same etching process. However, because these channels have a different depth, they may 
require additional fabrication steps, e.g., a second etching step or process, or the like. 

The sweep channel, in addition to mitigating dead zones and other undesired 

25 effects, can also be used to deliver materials needed for the given analytical operation. For 
example, in the case of screening assay systems, the sweep channel may be configured to 
deliver components of the biochemical system against which test compounds are to be 
screened, e.g., enzyme:substrate, ligand:receptor, cells, antibody: antigen, etc. An example of a 
channel network/device incorporating an integrated sweep channel configuration is shown in 

30 Figure 7, where the device 700 comprises channels 702 and 704 which deliver reagents, e.g., 

from reservoirs 708a-714a, to the analysis channel 104, as well as provide a sweeping function, 
e.g., sweep material through the junction point 706. Reservoirs 708b-714b are provided as 
points of electrical access for their corresponding reagent reservoirs (708a-714a, respectively), 
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in order to provide electrical access without causing any electrical degradation of materials in~ 
reservoirs 708a-714a, via salt bridges 708c-714c, respectively. 

The improved methods and systems of the present invention, in another aspect, 
provide methods of transporting materials into a microfluidic system via an integrated capillary 
element, using a constant flow material direction system. While constant flow velocities in 
pressure systems are relatively simple to accomplish, a number of complications can arise in 
electrokinetically driven systems that include different regions of varied ionic strengths. 
Specifically, when sampling materials having lower ionic strengths than other fluids in the 
system, the material is drawn into and transported through an electrokinetically driven system 
faster than for higher ionic strength solutions or the remainder of the fluids in the system. For 
example, in certain high-throughput screening applications, a particular microfluidic channel 
system, e.g., collection of one or more interconnected channels, includes high ionic strength 
regions, also termed high salt regions, interspersed with low ionic strength or low salt regions. 
These varied ionic strength regions can give rise to substantial variations in flow rate through 
the system, e.g., when materials are being introduced, due to changes in their relative 
proportions throughout the system. As used herein, the terms high salt or high ionic strength 
and low salt or low ionic strength generally refer to the comparative conductivities of two 
fluids within the system. 

The high ionic strength fluid regions typically approach physiological ionic 
strength levels, and are preferably from about 2 to about 200 times the conductivity of the low 
ionic strength buffer, in some cases, from about 2 to about 100 times the conductivity of the 
low ionic strength buffer, and more preferably, from about 2 to about 50 times the conductivity 
of the low ionic strength buffer, and in many cases from about 2 to about 20 or even 10 times 
the conductivity of the low ionic strength buffer. Typically, the high ionic strength buffer has a 
conductivity from about 2 millisiemens (mS) to about 20 mS, while the low ionic strength 
buffer has a conductivity of from about 0.1 mS to about 5 mS, provided the low ionic strength 
buffer has a lower conductivity than the higher ionic strength buffer. 

Typically, variations from these varied ionic strength regions can be overcome, 
or averaged by including enough of the various regions such that any variations in velocity are 
minimal, e.g., an additional low ionic strength plug makes up a relatively low percentage of the 
overall channel length, and thus results in a very small change in the overall resistance of the 
channel system. However, where the different fluid regions within the channel system each 
occupy larger percentages of the overall channel length across which the driving electric field 
is applied, such variations can begin to yield adverse flow effects, i.e., speeding and slowing, 
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which can affect detected signals from the system, etc. Additionally, in the case of screening 
applications, samples of material to be screened, e.g., from pharmaceutical libraries, patient 
samples, environmental samples, etc., may have unknown mobilities in the flowing system due 
to their unknown ionic strengths. Such variations again can yield variations in flow rates 
through such channel systems. 

Accordingly, in one aspect, the present invention provides electrokinetic control 
of material transport/introduction into a microfluidic device, which corrects for variations in 
flow velocity resulting from variations among different regions of varied ionic strengths. 
Specifically, the present invention provides methods and systems which maintain constant 
velocity within a given channel by adjusting applied voltages and/or currents depending upon 
the proportion of the channel that is occupied by one buffer of a two buffer system, e.g., high 
versus low salt buffer. Because this proportion is determinable by on-line detection, e.g., by 
measuring the conductivity/resistance across the channel system, such methods can be carried 
out automatically, e.g., under computer control, with extremely short response times. 

The overall electroosmotic flow velocity of a fluid in a two buffer channel 
system is generally given by the formula: 

v= x^i,Ei + (l-x)n 2 E 2 (A) 

where v is the velocity, \i\ is the electroosmotic mobility of the first fluid, |i2 is the 
electroosmotic mobility of the second fluid, Ei is the electric field across the first fluid region, 
E2 is the electric field across the second fluid region, and x is the fraction of the channel that is 
occupied by the first fluid region, which leaves the channel fraction occupied by the second 
fluid region as (1-x). 

Using the above equation, one can derive a relationship between the Velocity, 
the applied voltage and the current in the channel, which can then be employed in controlling 
the velocities within the channel. In order to do this, there must first be determined a 
relationship between x, E l5 E2 and known or measurable quantities, i.e., fluid mobility, 
conductivity, applied voltage (V app ), and total channel resistance (R t0 t). This is started by first 
calculating the fill fraction of the channel as a function of R tot and the buffer conductivities, 
according to the following equation: 

Rtot= (xlVAai) + ((l-x)iyAa 2 ) (B) 
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Where o, is the conductivity of the first fluid, a 2 is the conductivity of the second fluid, and A 
is the channel cross-sectional area. The first operation in this equation provides the channel 
resistance from first fluid, while the second operation provides the channel resistance from 
second fluid. Solving then for x, one derives the equation: 

- 5 

x = (AR ro ,q| /L)- p ./ q, ^ 
1- cs\l a 2 

The electric fields are then calculated in terms of V app , R lo[( the channel area and the 
10 conductivities of the buffers, as follows: 

) E,= V,/(Lx) andE 2 = V 2 /(L(l-x)) (D ) 

Where V, and V 2 are the voltage drops across the first and second fluid regions, respectively 
15 which can be calculated from the ratio of the resistance of the particular fluid region to the total 
resistance of the channel: 

v i=V app (xI7Aai)/R tol and ^ 

V 2 = V app [(l-x)L/Aa 2 ]/R tol ^ 

20 

Which then yields for E, and E 2 : 

E,= V app /(Aa,R, ol ) (G) 

25 E 2 =V app /(Aa 2 R tot ) (H) 
Inserting these equations back into equation (A), above, and reducing, yields: 

v= [V a| ^a 2 -0 1 )]fc l (a 2 -L/AR IOI )-M- ,-L/R tot )] (I) 
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This velocity equals the initial velocity v init . which is the velocity when the system is entirely 
filled by the first fluid, e.g., a baseline level of flow: 



33 



'WO 0021666AtJA> 



WO 00/21666 



PCT/US99/23814 



Vinit- ^l(Vo^L) 



(J) 



where V 0 is the initial applied voltage. Accordingly, in order to keep the velocity constant, 
e.g., by keeping it equal to the initial velocity, the voltage applied to the system can be implied 
5 by: 



10 Of course, variations in cross-sectional area between one channel and another in a system, e.g., 
an internal channel and an external capillary element, can result in variations from this 
equation. However, such variations are minimized by selecting these channels to have similar 
cross sectional areas. Alternatively, one can factor in variations in channel cross section, 
across the system. 

15 Considering the above-described relationships, it can thus be seen that by 

monitoring variations in conductivity/resistance within a channel or channel system, knowing 
the channel dimensions, and applied voltages, one can vary the applied voltages to correct for 
variations in flow rates within a rnicrofluidic channel system despite variations in the overall 
conductivity/resistance across the length of the channel which variations result from changes in 

20 the portion of the system that contains a higher conductivity fluid versus a lower conductivity 
fluid. In accordance with the methods and systems described herein, the 
resistance/conductivity of the channel or channel system is determined to instruct the 
appropriate variation in applied voltages, e.g., in accordance with the relationships set out 
above. Because preferred systems employ electrokinetic material transport systems, the 

25 appropriate interfaces and instrumentation are quite easily put in place for carrying out these 
flow control methods. Specifically, electrical measurements, e.g., resistance/conductivity, are 
easily made through the same system of electrodes and power supplies that are used to control 
electrokinetic transport. 



resistance/conductivity of the system, and user input values, i.e., channel dimensions, in order 
to maintain a constant flow rate within the channel system. 

The present invention is further illustrated by the following non-limiting 

examples. 




(K) 



[( a 2 -UAR lol )H(H2/^)( a, - IVAR lol )] 



Further, these relationships are also used to program a computer or other 
30 processor to automatically vary the applied voltages depending upon the measured 
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EXAMPLES 

Example 1: Spontaneous Injection 

The efficacy of spontaneous injection was demonstrated in a microfluidic 
device having a 1 cm channel with a reservoir at one end and being coupled to a 3 cm external 
capillary element at the other end. 50 mM HEPES, pH 7.5 was the buffer used for the 
experiment. 50 uM EDANS was used as a fluorescent sample material to determine the 
efficacy of the spontaneous injection technique. 

In the experiment, the end of the capillary element was contacted with the 
buffer well of a multiwell plate, then moved into contact with a sample well (containing the 
fluorescent material), followed by contact with another buffer well. For comparison, the 
injections were run using either electrokinetic injection or spontaneous injection. For 
electrokinetic injection, during the injection process, a voltage of 2250 V was applied between 
the wells of the multiwell plate and the reservoir at the other end of the fluid channel. For 
spontaneous injection, the voltage was turned off when the capillary was placed into contact 
with the sample material well, and turned back on in the buffer wells. The amount of material 
spontaneously injected was varied by varying the amount of time the capillary was contacted to 
the sample material. The contact time was either 0.9 seconds ("no wait," as it takes 0.9 
seconds to move the capillary element), 10 seconds and 30 seconds. Figure 9 illustrates a 
comparative plot of fluorescent intensity of sample material plugs injected using electrokinetic 
injection ("Voltage On") and three different lengths of spontaneous injection ("Voltage Off-No 
Wait," "Voltage Off- 10s wait," and "Voltage Off-30s wait"). As can be seen from the plot, 
) spontaneous injection with a 10 second contact time gave approximately the same size 

injection as the electrokinetically injected plugs, while the 30 second spontaneous injection 
25 gave a significantly larger injection. 

Example 2: Sweeping Flow 

Several microfluidic devices having integrated capillary elements as shown in 
Figure 7 were prepared, etched to 1.5 fim in side/sweeping channel and 15 urn in main channel 
30 depths. A 20-Aim inner diameter capillary was attached to each planar device (not shown in 
Figure 7). Three devices randomly selected from the same fabrication lot were tested for the 
effects of joint sweeping on the broadness of the injected peaks. In all devices tested, the use 
of joint sweeping noticeably reduced the tailing of the injected peaks. 
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For the peak injection experiments, a buffer containing 50 mM HEPES at pH 
7.5 was used as the running buffer. The dye solution contained the running buffer with 50-/xM 
EDANS dye was used as an exemplary sample material in order to monitor peak width within 
the main channel. AH devices tested were first treated with 1 N NaOH for 20 to 30 minutes 
5 then rinsed with de-ionized water thoroughly twice before all the wells and channels were 

filled with the HEPES buffer. On the multiwell plate, a series of three wells containing buffer, 
buffer, and dye solutions, respectively, were set up for the peak injection measurements. The 
dwell times were chosen to be: running buffer = 20 s, pre-guard buffer (same as running buffer, 
but from different plate well)= 0.5 s, sample (dye solution) = 0.5 s, post-guard buffer (again, 

10 same as running buffer but from a different plate well)= 0.5 s. 

Figures 10a and 10b illustrate one set of injection peak data with and without 
joint sweeping. Figure 10a shows the peak injection data using a sweeping current of 0.5 ft A 
each from wells 712a and 714a. The voltage at the waste well 716a and capillary electrode 
(not shown) were set at 100 V and 2500 V, respectively. The total main channel 104 current 

15 was 5.74 \x A. Figure 10b shows the control experiment without a sweeping current from wells 
712a and 714a. A current of 0.5 \iA each from the non-sweeping side channels from wells 
708a and 710a was used to keep the total current, thus total flow rate, in the main channel 
constant. As can be seen clearly in the data, tailing in the injection peaks in Figure 10b is 
noticeably reduced with a modest sweeping current (17% of the total flow). 

20 Figures 10c and lOd illustrate the effects of joint sweeping for a second device. 

In Fig. 10c, a sweeping current of 2 /xA each from wells 712a and 714a was used to achieve 
narrow injection peaks with very little tailing. Other voltage settings were similar to the 
experiments used in Figures 10a and b. The control experiment, Figures lOd, with 2 fiA each 
from wells 708a and 710a, clearly shows more tailing in the injection peak. Results of testing 

25 of a third device, using same experimental parameters as in Figures 10c and d, are shown in 
Figures lOe and lOf. Again, Figure lOe is the injection run using joint sweeping and Figure 
lOf with no joint sweeping. In this case, the injection peaks without sweeping show a 
secondary peak at the tail end, and joint sweep was able to remove these secondary peaks. 

As can be seen from the above experiments, the use of an integrated sweeping 

30 channel was able to yield a significant reduction in the dispersion due to the capillary-to- 
channel joint in the injection peaks. Typically, the higher the sweeping flow, the better the 
reduction in the dispersion. 

All publications and patent applications are herein incorporated by reference to 
the same extent as if each individual publication or patent application was specifically and 

36 



MSDOCID: <WO.. 



_0O21666A1_IA> 



WO 00/21666 

PCT/US99/23814 

individually indicated to be incorporated by reference. Although the present invention has 
been described in some detail by way of illustration and example for purposes of clarity and 
understanding, it will be apparent that certain changes and modifications may be practiced 
within the scope of the appended claims. 
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1. A method of sampling a first fluid, comprising: 

(a) dipping an open end of an open ended fluid-filled capillary element into 
5 a source of the first fluid; 

(b) withdrawing the capillary element from the first fluid; 

(c) permitting an amount of the first fluid remaining on the open ended 
capillary to spontaneously inject into the capillary channel, thereby injecting the first fluid into 
the capillary channel; 

10 (d) dipping the capillary element into a second fluid after a first selected 

time period, the first selected time period being controlled to control the amount of the first 
fluid permitted to spontaneously inject into the open ended capillary channel. 

2. The method of claim 1, further comprising: 

dipping the open end of the capillary element into a source of a third fluid after 
15 dipping the capillary into the source of second fluid; 

withdrawing the capillary from the third fluid; 

permitting an amount of the third fluid remaining on the open ended capillary to 
spontaneously inject into the capillary channel; 

dipping the capillary into the second fluid after a second selected time period, 
20 the second selected time period being controlled to control the amount of the third fluid 
permitted to spontaneously inject into the open ended capillary channel. 

3. The method of claim 1, further comprising transporting the amount of first 
fluid through the capillary for a second selected time, the second selected time being selected 
to control an amount of dilution of the amount of first fluid. 

25 4. The method of claim 3, wherein the second selected time is controlled by 

controlling a flow rate of the amount of the first fluid through the capillary. 

5. The method of claim 3, wherein the second selected time is controlled by 
selecting at least one of a length or a diameter of the capillary channel. 
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6. The method of claim 1, further comprising applying an electric field along 
a length of the capillary channel to electrokinetically transport the first fluid through the 
capillary channel. 

7. The method of claim 1, further comprising applying pressure along the 
length of the capillary channel to transport the first fluid through the capillary channel. 

8. The method of claim 1, further comprising introducing an amount of a low 
salt buffer into the capillary channel before injecting the amount of first fluid into the capillary 
channel. 

9. The method of claim 1, further comprising introducing an amount of low 
salt buffer fluid into the capillary channel after injecting the amount of first fluid into the 
capillary channel. 

10. The method of claim 1, further comprising introducing an amount of a 
high salt buffer into the capillary channel before injecting the amount of first fluid into the 
capillary channel. 

11. The method of claim 1, further comprising introducing an amount of high 
salt buffer fluid into the capillary channel after injecting the amount of first fluid into the 
capillary channel. 

12. The method of claim 1, further comprising introducing an amount of air 
into the capillary channel before injecting the amount of first fluid into the capillary channel. 

13. The method of claim 1, further comprising introducing an amount of air 
into the capillary channel after injecting the amount of first fluid into the capillary channel. 

14. The method of claim 1, further comprising introducing an amount of 
immiscible fluid into the capillary channel before injecting the amount of first fluid into the 
capillary channel. 

15. The method of claim 1 , further comprising introducing an amount of 
immiscible fluid into the capillary channel after injecting the amount of first fluid into the 
capillary channel. 
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16- The method of claim 1, wherein the first fluid comprises a first test 

compound. 

17. The method of claim 1, further comprising repeating steps (a)-(d) with a 
plurality of separate fluid sources, each of the separate fluid sources comprising a different test 

5 compound. 

18. The method of claim 1, wherein the plurality of different fluid sources 
comprises at least 1000 separate fluid sources, each separate fluid source comprising a 
different test compound. 

19. The method of claim 1, wherein at least one of the at least 1000 separate 
10 sources comprises an inactivating compound. 

20. The method of claim 1, wherein the first fluid comprises a nonaqueous 

fluid. 

21. The method of claim 20, wherein the nonaqueous fluid comprises DMSO, 
DMF, acetone or an alcohol. 

15 22. The method of claim 20, wherein the amount of first fluid injected into the 

capillary channel is less than 1 \x\. 

23. The method of claim 20, wherein the amount of first fluid injected into the 
capillary channel is less than 100 nl. 

24. The method of claim 20, wherein the amount of first fluid injected into the 
20 capillary channel is less than 10 nl. 

. 25. The method of claim 20, wherein the amount of first fluid injected into the 
capillary channel is less than 1 nl. 

26. The method of claim 20, wherein the amount of first fluid injected into the 
capillary channel is between about 0.1 pi and 100 nl. 

25 27. The method of claim 20, wherein the capillary channel has a cross 

sectional area of between about 10 |im 2 and IX 10 5 (xm 2 , and the first selected time is less than 
30 seconds. 
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28. The method of claim 27, wherein the first selected time is less than about" 

10 seconds. 

29. The method of claim 27, wherein the first selected time is less than about 5 

seconds. 

30. The method of claim 27, wherein the first selected time is less than or 
equal to about 1 second. 

31. The method of claim 1, wherein the capillary channel is in fluid 
communication with at least a first microscale channel disposed in a body structure and the 
first fluid is transported through the capillary channel and into the first microscale channel. 

32. The method of claim 31, wherein the first microscale channel is intersected 
by and m fluid communication with at least a second microscale channel disposed in the body 
structure. 



33. The method of claim 32, further comprising: 

flowing a component of a biochemical system into the first microscale channel 
15 from the second microscale channel whereby the first fluid contacts the component of the 
biochemical system; and 

detecting an effect of the first fluid on the component of the biochemical 

system. 

. 34. The method of claim 1, further comprising introducing first and second 

*> h,gh salt fluid regions into the capillary channel before and after, respectively, the amount of 
first fluid injected into the capillary channel. 

35. The method of claim 34, further comprising introducing first and second 
low salt fluid regions into the capillary channel before the first high salt fluid region and after 
the second high salt fluid region, respectively. 



36. A method of introducing a first fluid into a microfluidic device, 

comprising: 

providing a microfluidic device having a body structure with at least first and 
second intersecting microscale channels disposed therein, and a capillary element extendin- 
from the body structure, the capillary element having first and second ends and a capillary " 
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channel disposed therethrough the capillary channel being open at the first end, and in fluid 
communication with at least one of the first and second intersecting microscale channels in the 
body structure at the second end of the capillary element; 

dipping the first end of the capillary channel into a source of the first fluid; 
5 withdrawing the first end of the capillary channel from the source of first fluid; 

permitting an amount of the first fluid on the first end of the capillary channel to 
spontaneously inject into the capillary channel; and 

transporting the amount of first fluid injected into the capillary channel into the 
at least one of the first and second microscale channels disposed in the body structure. 

10 37. The method of claim 36, wherein the transporting step is carried out by 

applying an electric field along a length of the capillary channel to electrokinetically transport 

^'^MtBsaBS^ 

second microscale channels. 

38. The method of claim 36, wherein the transporting step is carried out by 
15 applying pressure along a length of the capillary channel to transport amount of first fluid 

through the capillary channel and into the at least one of the first and second microscale 
channels. 

39. The method of claim 36, further comprising introducing a high salt fluid 
region into the capillary channel before or after the first fluid is injected into the capillary 

20 channel. 

40. The method of claim 36, further comprising introducing a high salt fluid 
region into the capillary channel before and after the first fluid is injected into the capillary 
channel. 

41. The method of claim 36, further comprising introducing a low salt fluid 
25 region into the capillary channel before or after the first fluid is injected into the capillary 

channel. 

42. The method of claim 36, further comprising introducing a low salt fluid 
region into the capillary channel before and after the first fluid is injected into the capillary 
channel. 
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43. The method of claim 36, further comprising introducing first and second 
high salt fluid regions before and after respectively, the amount of first fluid injected into the 
capillary channel. 

44. The method of claim 43, further comprising introducing a first low salt 
5 fluid region before the first high salt fluid region, and a second low salt fluid region after the 

second high salt fluid region. 

45. The method of claim 36, wherein the first fluid comprises a first test 

compound. 

46. The method of claim 36, further comprising repeating the dipping, 

10 withdrawing, permitting and transporting steps with a plurality of separate fluid sources, each 
of the separate fluid sources comprising a different test compound. 



15 



comprising: 
(i) 



00 



47. A method of reducing or eliminating spontaneous injection, the method 

dipping an open end of an open ended fluid-filled capillary element into a 
source of a first fluid and applying a negative pressure to the first fluid, thus 
injecting the first fluid into the capillary element; and, 

changing the negative pressure to a positive pressure or a zero pressure, thereby 
reducing or eliminating spontaneous injection of the first fluid. 



48. The method of claim 47, the method further comprising: 

T d 'PP in § the °P en end of ^e open ended fluid filled capillary element into a 

source of a second fluid; 

(iv) changing the positive pressure or zero pressure to a negative pressure, thereby 
injecting the second fluid into the capillary element. 

49. The method of claim 47, comprising applying a negative pressure of about 
25 -1 to about -2 psi. 

50. The method of claim 47, comprising changing the negative pressure to a 
positive pressure of about 1 to about 3 psi. 

51. The method of claim 50, comprising changing the negative pressure to a 
positive pressure of about 0.1 to about 0.3 psi. 
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52. The method of claim 47, comprising changing the negative pressure to a 
pressure substantially equal to the magnitude of the spontaneous injection. 

53. The method of claim 47, comprising applying a negative pressure in one or 
more wells and changing the negative pressure in the one or more wells to a positive pressure 

5 or a zero pressure concurrent with step (ii). 

54. The method of claim 53, wherein the wells comprise one or more of: a 
substrate well, an enzyme well, and a waste well. 

55. A method of spatially separating a plurality of samples within a 
microfluidic system, the method comprising: 

10 (i) flowing a first member of the plurality of samples through a microscale channel; 

(ii) flowing a spacer through the microscale channel, wherein the spacer comprises 
an immiscible fluid or a volume of air; and 

(iii) flowing a second member of the plurality of samples into the microscale 
channel, thereby spatially separating a plurality of samples into the microfluidic 

15 system. 



through (iii). 



solvent. 



56. The method of claim 55, the method further comprising repeating steps (i) 



57. The method of claim 55, wherein the immiscible fluid is an organic 



20 58. The method of claim 55, wherein the immiscible fluid is a fluorocarbon or 

chlorinated hydrocarbon. 

59. The method of claim 55, further comprising introducing the volume of air 
or the immiscible fluid into the microfluidic system through an open-ended capillary element. 

60. The method of claim 55, further comprising electrically generating air or 
25 gas bubbles within the microfluidic system. 

61. The method of claim 55, further comprising applying pressure along the 
length of the microscale channel to transport one or more of: the first member of the plurality 
of samples, the second member of the plurality of samples, and the spacer, through the 
microscale channel. 
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62. The method of claim 55, further comprising applying an electric field 
along the length of the microscale channel to transport one or more of: the first member of the 
plurality of samples, the second member of the plurality of samples, and the spacer, through 
the microscale channel. 

5 63. A method of screening one or more samples in a microfluidic enzyme 

inhibition assay, the method comprising: 

(i) introducing one or more samples into a microfluidic device; and, 

(ii) introducing at least one inactivating reagent before the one or more samples, 
after the one or more samples, or between at least two of the one or more 

10 samples. 



64. The method of claim 63, wherein the inactivating reagent inhibits 
substantially 100% of an enzyme activity. 



65. The method of claim 63, further comprising determining a percent 
inhibition for one or more samples by comparing a level of inhibition for the one or more 

15 samples to a 100% inhibition level of the inactivating reagent. 

66. The method of claim 63, further comprising introducing the inacti vatin° 
reagent after about every 10, about every 25, about every 50, or about every 100, samples. 

67. The method of claim 63, further comprising applying an electric field 
through the microfluidic device to transport the one or more samples and the inactivating 

}0 reagent through the device. 

68. The method of claim 63, further comprising applying pressure through the 
microfluidic device to transport the one or more samples and the inactivating reagent through 
the device. 

69. A microfluidic device, comprising: 

25 a bod y structure having disposed therein an integrated channel structure that 

includes at least first and second intersecting microscale channels, at least the first channel 
terminating in a substantially rectangular opening in the body structure; 

a capillary element having a capillary channel disposed therethrough, and at 
least one end of the capillary element that is substantially rectangular, the substantially 
30 rectangular end of the capillary element being inserted into the substantially rectangular 
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opening in the body structure and positioned such that the capillary channel in the capillary 
element is in fluid communication with at least first microscale channel in the body structure. 



70. The microfluidic device of claim 69, wherein the body structure 

comprises: ' 

5 a first planar substrate having a first surface having a plurality of intersecting 

grooves fabricated thereon, and at least a first substantially rectangular notch fabricated into 
the surface along one edge of the substrate, at least one of the plurality of grooves terminating 
in the first notch; 

a second planar substrate comprising a first surface having a second 
10 substantially rectangular notch fabricated in the first surface of the second substrate along an 
edge of the second substrate, the first surface of the second planar substrate overlaying the first 
surface of the first planar substrate whereby the second notch and the first notch form the 
substantially rectangular opening in the body structure. 

71. The method of claim 70, wherein the capillary element is substantially 
15 coplanar with the first and second planar substrates. 

72. The microfluidic device of claim 70, wherein the capillary channel in the 
capillary element comprises a cross-sectional area that is approximately equal to a cross 
sectional area of the at least first microscale channel in the body structure. 

73. The microfluidic device of claim 70, wherein the capillary element 
20 comprises a curved portion that is not coplanar with the first and second planar substrates. 

74. The microfluidic device of claim 70, wherein the capillary element 
comprises a sheath disposed over an outer surface of the capillary element. 

75. The microfluidic device of claim 70, wherein the sheath is selected from 
plastic, polyimide and polytetrafluoroethylene. 

25 76. The microfluidic device of claim 70, wherein the capillary element is 

fixedly inserted into the opening. 

77. The microfluidic device of claim 70, wherein at least one of the capillary 
element, and the body structure comprises a solid substrate material selected from a polymeric 
substrate, a silica based substrate and a ceramic substrate. 
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78. The microfluidic device of claim 77, wherein each of the capillary element 
and the body structure comprise a polymeric solid substrate material. 

79. The microfluidic device of claim 77, wherein each of the capillary element 
and the body structure comprise a silica based solid substrate material. 

80. The microfluidic device of claim 79, wherein the silica-based substrate is 
selected from glass, quartz, fused silica and silicon. 

81. A method of joining a capillary element to a microfluidic device having an 
integrated channel network disposed therein, comprising: 

providing a microfluidic device having a body structure with at least first and 
10 second intersecting microscale channels disposed therein, and having a substantially 
rectangular opening disposed in the body structure, at least one of the first and second 
rmcroscale channels terminating in and being in communication with the opening; 

providing a substantially rectangular capillary element having first and second 
ends and a capillary channel disposed through the capillary element from the first end to the 
second end, and wherein the second end has a substantially rectangular shape; and 

inserting the second end of a capillary element into the opening, the capillary 
channel in the capillary element being positioned to be in fluid communication with the at least 
one of the first and second microscale channels that is in communication with the opening. 

82. A method of joining a capillary element to a microfluidic device 
20 incorporating an integrated channel network, comprising: 

] providing first and second substrates each having at least first planar surfaces, 

the first planar surface of the first substrate having at least a first microscale groove fabricated 
therein, and each of the first planar surfaces of the first and second substrates having a first 
notch fabricated in the first planar surfaces along one edge of the first and second substrates; 

mating the first planar surface of the first substrate to the first planar surface of 
the second substrate whereby the notch in the first substrate corresponds with the notch in the 
first surface of the second substrate; 

inserting a first end of a capillary element into an opening defined by the notch 
in the first and second substrates, the capillary element having a capillary channel disposed 
therethrough, the capillary channel being placed in fluid communication with the first 
microscale groove when the capillary element is inserted into the opening. 
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83. The method of claim 82, wherein the first microscale groove in the surface 
of the first substrate and the notch in the surface of each of the first and second substrates are 
etched into the surface. 

84. A method of introducing a fluid material into a microfluidic device, 

5 comprising: 

providing a microfluidic device, comprising; 

a body structure having disposed therein an integrated channel network 
that includes at least first and second intersecting microscale channels, at least the first channel 
terminating in a substantially rectangular opening in the body structure; 

10 a capillary element having first and second ends and a capillary channel 

disposed therethrough from the first to the second end, the second end of the capillary element 
being substantially rectangular, the second end of the capillary element being inserted into the 
substantially rectangular opening in the body structure and positioned such that the capillary 
channel in the capillary element is in fluid communication with at least first microscale channel 

15 in the body structure; 

placing the first end of the capillary element into a source of the fluid 

material; 

drawing an amount of the fluid material into the capillary channel; 
transporting the amount of the fluid material through the capillary 
20 channel into the at least one of the first and second microscale channels. 

85- The method of claim 84, wherein the drawing and transporting steps 
comprise applying an electric field between the first end of the capillary channel and integrated 
channel network in the body structure to move the first fluid into and through the capillary 
channel electrokinetically. 

25 86. A microfluidic device comprising: 

a body structure having at least first and second channel segments disposed 
therein, the first and second channel segments each having first and second endt., the first end 
of the first channel being in fluid communication with the first end of the second channel at a 
first fluid junction; and 

30 a capillary element attached to and extending from the body structure, the 

capillary element comprising a capillary channel disposed therethrough, the capillary channel 
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being in fluid communication at one end with the first and second channel segments at the first 
fluid junction. 

87. The microfluidic device of claim 86, wherein the capillary channel meets 
and is in fluid communication with the first channel segment at an angle between 45° and 90°. 

5 88. The method of claim 87, wherein the body structure comprises a plurality 

of intersecting channels arranged in a first plane, and wherein the capillary element extends out 
of the first plane at an angle between about 45° and 90°. 

89. The microfluidic device of claim 86, wherein a portion of the first channel 
segment that is adjacent to and in fluid communication with the first fluid junction is collinear 

TP With 3 P ° rtion of the second channel se S ment th at is adjacent to and in fluid communication 
with the first fluid junction. 

90. The microfluidic device of claim 86, wherein the second channel segment 
comprises a first cross-sectional dimension substantially equivalent to a first cross-sectional 
dimension of the first channel segment and a second cross sectional dimension less than one 

15 half of a second cross sectional dimension of the first channel segment. 

91. The microfluidic device of claim 90, wherein the second cross-sectional 
dimension of the second channel segment is no greater than one tenth the second cross 
sectional dimension of the first channel segment. 

vj 92. The microfluidic device of claim 86, wherein the second end of the second 

20 channel segment is in fluid communication with a fluid source of at least a first component of a 
biochemical system. 

93. The microfluidic device of claim 86, wherein the second end of the first 
channel segment is in fluid communication with a waste reservoir. 

94. The microfluidic device of claim 86, wherein the second ends of the first 
25 and second channel segments are in fluid communication with first and second reservoirs, 

respectively, the first and second reservoirs being disposed in the body structure. 

95. The microfluidic device of claim 86, comprising at least first and second 
electrodes disposed in electrical contact with a fluid in the first and second reservoirs, 
respectively 
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96. The microfluidic device of claim 95, wherein the at least first component 
of the biochemical system produces a detectable signal indicative of a relative level of 
functioning of the biochemical system. 

97. The microfluidic device of claim 86, further comprising a material 

5 transport system for transporting a first material through the capillary channel into the first 
channel segment and for concomitantly directing a flow of a second material from the second 
channel segment through the first fluid junction into the first channel segment. 

98. The microfluidic device of claim 86, wherein the body structure 

comprises: 

10 a first substrate having at least a first planar surface, the first planar surface 

having first and second groove segments disposed thereon; 

a second substrate having a first planar surface, the first planar surface of the 
second substrate being mated with the first planar surface of the first substrate, the first and 
second groove segments defining the first and second channel segments; 

15 99. The microfluidic device of claim 98, wherein the capillary element is 

attached to the body structure and the capillary channel is in fluid communication with the first 
fluid junction via an opening disposed through the body structure. 

100. The microfluidic device of claim 99, wherein the opening disposed 
through the body structure comprises an opening disposed through at least one of the first and 

20 second substrates, the capillary element being fixedly inserted into the opening. 

101. The microfluidic device of claim 99, wherein the opening in the body 
structure comprises a third groove segment disposed in the first surface of the first substrate 
and having first and second ends, the first end of the third groove segment terminating at one 
end at a first edge of the first planar surface of the first substrate and defining a third channel 

25 segment having first and second ends in the body structure, the first end of the third channel 
segment defining an opening in a first edge of the body structure, and the second end of the 
third channel segment being in fluid communication with the first fluid junction. 

102. The microfluidic device of claim 101, wherein the capillary element is 
attached to the body structure at the first edge of the body structure and wherein the capillary 

30 channel is in fluid communication with the third channel segment. 
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103. A method of introducing a first fluid material into a microfluidic system, ~ 

comprising: 

providing a microfluidic device comprising: 

a body structure having at least first and second channel segments disposed 
therein, the first and second channel segments each having first and second ends, the first end 
of the first channel being in fluid communication with the first end of the second channel at a 
first fluid junction; and 

a capillary element attached to and extending from the body structure, the 
capillary element comprising a capillary channel disposed therethrough, the capillary channel 
being in fluid communication at one end with the first and second channel segments at the first 
fluid junction; 

introducing an amount of the first fluid material into the capillary channel; 
transporting the amount of first fluid material through the capillary channel and 
through the first fluid junction into the first channel segment; and 

flowing a second fluid material into the first channel segment from the second 
channel segment during the transporting step. 

104. The method of claim 103, wherein the second fluid material comprises at 
least a first component of a biochemical system. 

105. The method of claim 104, wherein the component of a biochemical system 
20 produces a detectable signal indicative of a relative funct.oning of the biochemical system. 

106. The method of claim 105, wherein the first fluid material comprises a test 
compound, and further comprising detecting the relative functioning of the biochemical system 
in the presence and absence of the test compound. 

107. The method of claim 104, wherein the at least first component of the 
25 biochemical system comprises a mixture of an enzyme and its substrate. 

108. The method of claim 104, wherein the at least first component of the 
biochemical system comprises two members of a specific binding pair. 

109. The method of claim 108, wherein the specific binding pair comprises a 
receptor and a ligand that specifically binds the receptor. 
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110. The method of claim 108, wherein the specific binding pair comprises an 
antibody and an antigen specifically bound by the antibody. 

111. The method of claim 103, wherein the introducing step further comprises 
introducing a region of spacer fluid into the capillary channel before and after the amount of 

5 first fluid material introduced into the capillary channel. 

112. The method of claim 111, wherein the spacer fluid region comprises a low 

salt buffer. 

113. The method of claim 111, wherein the spacer fluid region comprises a high 
salt zone and a low salt zone, the high salt zone being adjacent to the amount of first fluid 

10 material in the capillary channel. 

114. A method of transporting materials from a first microscale channel 
segment to a second microscale channel segment, wherein the first and second channel 
segments are in fluid communication at a corner having a dead zone, comprising: 

transporting a discrete volume of material from the first channel segment into 
15 the second channel segment around the corner; 

simultaneously directing a flow of fluid through the dead zone into the second 
channel segment from a third channel segment that is in fluid communication and collinear 
with the second channel segment at the corner. 

115. A microfluidic device, comprising a body structure having at least first, 
20 second and third channel segments disposed therein, the first, second and third segments in 

communication at a first intersection, the second and third channel segments being collinear, 
and the third channel segment having a depth at the intersection that is less than 50% -a depth of 
the second channel segment. 

116. The microfluidic device of claim 115, wherein the second and third 

25 channel segments are disposed within a primary plane of a planar body structure and wherein 
the first channel segment comprises a capillary element extending out of the plane of the planar 
body structure. 

117. The microfluidic device of claim 116, wherein the capillary element 
extends out of the plane of the planar body structure at an angle of between about 45° and 90°. 
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118. A method of transporting materia] in a microscale channel, comprising: " 
introducing a first fluid into the channel, having a first electroosmotic mobility, 
and a first conductivity; 

introducing a second fluid into the channel, having a second electroosmotic 
. 5 mobility and a second conductivity; and 

varying a voltage gradient applied across a length of the channel to maintain a 
substantially constant average electroosmotic flow rate, despite a change in a total resistance of 
the channel. 

119. The method of claim 118, further comprising the step of monitoring the 
10 total resistance of the channel, and varying the voltage gradient based upon vanations in the 

total resistance. 

j 

120. The method of claim 119, wherein the voltage gradient is varied as a 
function of the total resistance of the channel. 

121. The method of claim 118, wherein the first fluid comprises a test 

15 compound. 



20 



25 



buffer. 



buffer. 



122. The method of claim 118, wherein the first fluid comprises a high salt 



123. The method of claim 118, wherein the second fluid comprises a low salt 



124. The method of claim 118, further comprising a plurality of discrete 
volumes of the first fluid into the channel, each of the discrete volumes of first fluid being 
separated by at least a separate discrete volume of the second fluid. 

125. The method of claim 124, wherein each of the plurality of discrete first 
fluid regions comprises a different test compound. 

126. The method of claim 118, wherein the microscale channel is in fluid 
communication with a capillary channel that is disposed in a capillary element, the capillary 
channel having two ends, one end being in fluid communication with the microscale channel, 
and the other end being open and wherein the introducing steps comprise alternatively 
contacting the open end of the capillary channel with a source of first fluid and a source of 
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second fluid, to introduce first fluid and second fluid, respectively, into the capillary channel 
and into the microscale channel. 

127. The method of claim 118, further comprising detecting a reaction within 
the microscale channel. 

5 128- A microfluidic system, comprising: 

a microfluidic device comprising a microscale channel disposed therein, the 
microscale channel containing varying volumes of first and second fluids, the first and second 
fluids having first and second conductivities, respectively; 

an electrical controller operably coupled to the microscale channel for applying 
10 a variable electric field across a length of the microscale channel; 

a computer operably coupled to the electrical controller, and appropriately 
programmed to instruct the controller to vary the electric field to maintain a constant average 
electroosmotic flow rate within the channel, despite a change in total resistance across the 
length of the channel. 

15 129- The microfluidic system of claim 128, wherein the microfluidic device 

comprises a capillary element having a capillary channel disposed therein, the capillary 
channel having a first open end and a second end in fluid communication with the microscale 
channel. 

130. The microfluidic system of claim 129, further comprising a source of first 
20 fluid and a source of second fluid, the first fluid having a first conductivity and the second fluid 

having a second conductivity, each of the sources of first and second fluids being positioned to 
be alternatively in fluid communication with the capillary element. 

131. The microfluidic system of claim 128, wherein the microfluidic device 
comprises at least a second microscale channel disposed therein, the second microscale 

25 channel intersecting the first microscale channel. 

132. The microfluidic system of claim 128, wherein the microfluidic device 
comprises a plurality of reservoirs disposed therein, each of the reservoirs being in fluid 
communication with the first microscale channel. 
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133. The microfluidic system of claim 128, wherein the controller comprises a" 
plurality of electrodes, each of the plurality of electrodes operably coupled to a different 
terminus of the microscale channel. 

134. The microfluidic system of claim 128, wherein the controller measures a 
5 resistance across the length of the microscale channel. 

135. The microfluidic system of claim 128, wherein the computer comprises 
appropriate programming to vary the electric field in response to the change in total resistance 
across the length of the microscale channel. 

136. The microfluidic system of claim 128, further comprising a detector in 
10 sensory communication with the microscale channel for detecting a reaction within the 

microscale channel. 
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Box i Observations where certain claims were found unsearchable (C ontinuation of item 1 of first sheet) 




This internaiionai report has not been established in, respect of certain claims under Article 17(2Xa) for the following, reasons: 
1 | | Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 
2. 1 1 Claims IJnc ■ 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be earned out. specifically: 




3. Claims Nos.: 

because they are dependent claims and are not d railed in accordance with the second and third sentences ol Rule 0.4(a). 


Box II Observations where unity of invention is tacking (Continuation of item 2 of first sheet) 


This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet 

1. j j As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. | | As all searchable claims could be searched without effort justifying an additional fee. this Authority did not invite payment 

of any additional fee. 

3. | x| As only some of the required additional search fees were timely paid by the applicant, lhis international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 
1-46 and 114 

4. [ | No required additional search fees were timely paid by the applicant. Consequcnih . this international search report is 

restricted to the invention first mentioned in the claims: it is covered by claims Nos.. 

Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search Ices. 
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BOX ii. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

Iv! E S nriv PliCa,,0n CODt T"' &e f °" 0wi " 8 'nations or groups of inventions which are not so linked as to form a single 
lit r p aTd DCePt " CT RU ' e l3 - L ta 0rdCr 8 " inVe ° ,i0nS W bC SC8rched - ,he —Wo- fees 

a n,icrof.u?drde!;ii ainlS ^ ^ * ' me,h ° d ° f 8 «** * °'' » »«« ""id into 

Group II, claims 47-54. drawn to a method of reducing or eliminating spontaneous injection 
device roUP * 55 " 62, dfaWn * " meth ° d ° f Spatia " y se P ara,in S a P'"*"* of sampler within a mico.luidie 

Group IV. claims 63-68. drawn to a method of screening one or more samples in a microtluidic device 
Group V. claims 69-113 and 115-117. drawn to a microtluidic device 

second mSr^ht^cl Itg^cT * & ^ °' *"* * ^ ~ 1 *> * 

Group VII, claims 118-136. drawn to a method of transporting materia! in a microscule channel. 

under PC^leTs 2° th "7* " 0reu P a NVU d ° n0t rc|ate *> * single inventive concept under PCT Rule 13.1 because. 
PCX Rule 13.2, they lack the same or correspondmg special technical features for the iulUmW reasons- 
Oroup I is a method characterized in a special technical wav bv spontaneous injeclinn 

spoota.eousTnreclion' ' m * ^ ^ b >' pressure : ,„d clinnno*.,, „f 

Group HI is a method characterized in a special technical wav bv spacer volume ilow 
Group IV is a method characterized in a special technical way by an inactivating agent 

capillarv orThJI " T """T cha ™ teri ~ d in a S P Ccial way by a notch, a rectangular notch, a rectangular 

capillary, or a body element and attached capillary element. 

Group VI is a method characterized in a special technical wav bv How through a dead zone 

and secondZL^ 1 a v- " 7^/^™^ » a s P cciaI technical way by varying a voltage gradient to affect first 
ana second fluids having a first and second electrosmotic mobility, respectively. 

The special technical feature of each group is not in the other groups. 
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